PCX 



WORLD INIELLECTUAL PROPERTY ORGANIZATION 
Intemaiional Bureau 




INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION THEATY (PCT) 



(51) InternaUonal Patent CUssiflcatioii ^ : 
C07K 14/575, C12N 5/10, 15/16, 15/62, 
C07K 19/00, A61K 38/22, 48/00, A'61P 3/04 



A3 



(11) Intenifttioiial PublicatioQ Number: 
(43) International Publication Date: 



WO 00/40615 

13 July 2000 (13.07.00) 



(21) International Application Number: PCT/US00W352 

(22) International FOing Date: 7 Januaiy 2000 (07.0 1 .00) 



(30) Priority Data: 
60/115.079 



7 January 1999 (07.01.99) 



US 



(71) AppUcant: LEXIGEN PHARMACEUTICALS. CORP. 

[US/US]; 125 Hanwell Avenue. Uxington. MA 02173 
(US). 

(72) Inventors: LO. iCin-Ming; 6 Carol Lane. Lexingum, MA 

02420 (US). ZHANG, Tinyang; 8 Bratde Drive. Apt 9, 
Arimgton. MA 02474 (US). GILLIES. Stephen. D.; 159 
Sunset Road. Carlisle, MA 01741 (US). 

(74) Agent: CjREENHALCH. Duncan, A; Testa. Hurwitz & 
Thibeault. LLP. High Street Tower. 125 Hi|^ Street. Boston. 
MA 02110 (US). 



(81) Designated States: AE. AL. AM, AT, AU, A2. BA. BB. BG. 
BR, BY. CA. CH. CN. CR. CU. C2. DE. DK. DM, EE. 
ES. FL GB. GD, GE. GH, GM. HR, HU, ID, BU IN. IS. IP, 
KE, KG. KP. KR. K2, LC, LK. LR. LS. LT. LU. LV. MA. 
MD. MG. MK, MN. MW. MX NO. N2, PL. PT. RO. RU, 
SD. SE, SG. SI. SK, SL, TI. TM, TR, TT. T2, UA, UC. 
U2. VN. YU. 2A, ZW. ARIPO patent (GH. GM. KE, LS. 
MW. SD. SL. SZ, TZ. UG, ZW). Eurasian patent (AM. A2, 
BY, KG, KZ. MD. RU. TJ. TM). European patent (AT. BE 
CH. CY. DE, DK, ES. FI, FR, GB. <3R. IE, IT. LU. MC. 
NL, PT, SE), OAPI patent (BP, BJ, CP, CG. CI. CM. GA, 
ON, GW. ML, MR, NE. SN. TD, TG). 



Published 

iViih intematidnai search report. 

(88) Date of publication of the international search report: 

23 November 2000 (23. 1 1.00) 



(54)TUle: EXPRESSION AND EXPORT OF ANTI-OBESnY PROllSINS AS Fb FUSION PROrTED^S 
(57) Abstact 

Disclosed are nucleotide sequences, for example, DNA or RNA sequences, whidi encode an inununo^obulin Fc-Lcptin fusion 
protein. The nucleotide sequences can be inserted into a suitable expressxon vector and expressed in mammalian cells. Also disclosed is a 
femily of immunoglolwUn Fc-Lcptin fusion protcnis dot can be produced by esqnession of such nucleotide sequences. Also disclosed are 
methods using such niKleodde s eque n ce s and fusion proteins for treating conditions which are alleviated by die admmistration of leptin. 





M2 




(U 




MA 




zn 




sn 




OA 




vn 


diqoipwpfpjmy. 


XL 


Xavu 


HI 




Mi 




£L 




OX 




OL 




ZS 




MS 




XS 







OS 




m 


as 




m 


as 


Haiiujfjyn 


n 


cm 






OH 






i4 




m 


Id 






ZN 


t.^AMy JjWAJOUIJq 




ON 




ox 


IN 




3X 


8N 






XN 




jj 


MM 




SI 


m 




m 


NN 




ai 




8oni{> 


AH 

«o 


m 


tacniiQ 


NO 


ON 




HO 


cm 




ao 


3N 


nopttanipsinin 


flO 


Al 


ooqig 


vo 


an 


aoom 


Hi 


XI 




U 


n 




SB 



3|ltlllOaQ 



•WO 



QZII8 



lumty 



xa 
aa 

23 
A3 
M3 
10 
O 
H3 
03 
i3 
VD 
AS 

xa 
re 

08 



zr 

AV 
XV 



A7NO Nouymodiu do sasoMad aai nod 



INTERNATIONAL SEARCH REPORT 



ktan «iai AppOoilen No 

PCT/US 00/00352 



A.^ClASSinCATION OF SUBJECT M*mn 

IPC 7 C07K14/575 C12N5/10 
A61K38/22 A61K48/00 



C12N15/16 
A61P3/04 



C12N15/62 C07K19/00 



Aea»fi)fc>oteW»m«li9flalPalentCla»Mfie«ion(IPC)CftettaB>BMiaMl 
B. FIELDS SEAHCreO 



and IPC 



Minimum dDomMntMion asarcMd <dMa>flc«lon •yittni totowad by daaMcMion 

IPC 7 C12N C07K A61K A61P 



Ooettneniation«e«eh«»oOwihinn«niniumc*i^^ inBwTS* 



lAiringtti* M«fn«ionalMWGh(nam«e>dMbM*«id. •itwrapnaital.MafehismiatiM^ 



C DOCUMEKTS COMSIQEHeP TP 86 RELEVAWT 
Ctfagory* Clttfieno(«toeum«M.««iirKlalian. wtttn 



WpraprfM, el th« ratovM 



RolMamteeUimNa. 



WO 97 00319 A (SMITHKLINE BEECHAM ) 
3 January 1997 (1997-01-03) 
claims 1-20 



WO 96 31526 A (AMYLIN PHARMACEUTICALS) 
10 October 1996 (1996-10-10) 
clalns 1-95 

WO 96 08570 A (FUJI IMMUNOPHARMACEUTICALS 
CORPORATION) 21 March 1996 (1996-03-21) 
cited In the application 
clalns 1-15 

6B 2 292 382 A (ROCKEFEUER UNIVERSITY) 
21 February 1996 (1996-02-21) 
claims 1-76 



1-17. 
23r30 

18-22,31 

18-22.31 

1-31 
13 



□ 



FuWwr 



MiMbitti* eandmiiilQnofbttC. 



'Speciri ci KOOiie t otci^dd B e u wnit: 

dBaaw w ^^>t l^ ^l n^ y^^ f Ol^^dOMt<^onpf^^ daMator 

cMonoredwtpwMMorKM apKHM) 
"0* itoBUi^ «M«Mor 



iMrdoeumMlpublWiadaftvttw IntofnMbfial flted^ 
dMtt^mdw«afidtt»prM^ undatlylnoiha 



*P* dooumarttpubBih«dpHertotha 
tatar than th» ptiQrty dMa dmad 



^SS^L'lSSSS^ h»*anton 
IrwDlMicnlniMrtfwiMpwhanihadooumantl* takantfana 

252L22^S25!l'?J2^*"*^^ atapart^anlha 
mami^tiehoomMttta paraonakllad 

mambar of ttia aama ^Mlamly 



OaiaellhaaoiMaiconipittionofttia 



29 Nay 2000 



OriaolinAipefttiaMamallonal Mfch lopofl 

05/06/2000 



Mama and majHng addraaa of (ha ISA 

Tal. (odl.70) 340.^040. Tx. 31 eSI apo rrf. 
Far (431-70)340^16 



Le Flao, K 



Pom PCr.1SA^0 (4«eand ihMii (JMy 1999| 



INTERNATIONAL SEARCH REPORT 



In;*, national application Nc. 

PCT/US 00/00352 



Box 1 Observations where oertain claims were found unsearcfiable (Continuation of Item 1 of first sheet) 



This mtamational Search Report has not been estatrilshed in respect of certain claims under Article 17(2Xa) tor the Ibllowino reasons: 
1. rn daims Nos.: 

because they relate to sut^ed matter not requiied to t)e searched by this ^ namely: 



2. rj CtatmsNos.: 

because they relate to pam of the International ApptlGalion thM do not comply wim th^ 
an extent that no meaningful imemational Seeich can be carried out, specifically: 



prescribed requfemonts to such 



a rn Claims Nos.: 

because they are dependem 



dalme and am not drafted in aoeordanoewHh the second and third eentanoas of Rule 6.4<a). 



BoxB Obaervatlona where imlty Of Irivamkm la lacldng (Continuation of ttem 2 of 



This International Searching Authority found multiple inventions in this iniemalloniy application, as follows: 



□ Asafliequiied 
searchable daims. 



I were timely paid by the apiAeant IM Intsmalionfll Seaich Rsp^ 



□ 



2. As 



oTwy^SSSSflM*^ «MWChed without effort justifying an addtional fee, Siis Authority dd not invite payment 



3. |~) As only smne of the required addtlonalsaaith toes were 

«-J ooveisoniy those daims tor which toes were paid^spedfica^d^ ^ «"»ni«ion« wwcn Hepon 



fe8trid8dtotheinvefiltonlirstiiienttonedinlhedaim8:ftiscove^ ««renrwponi5 



Remade on Protest 



|~] The addiikKtdseaid» tees were aocompahtod by the appikaaifsprm 
I I ^ Potest aooompantod the payfnent of addltonal search toes. 



Fdffl) PCTASA/210 (oofitmuafion of flist sheet (1)) (July 1998) 





initton on paSMii funny iiMmMn 


tiMm ^ AppneacionNo 

PCT/US 00/00352 


Patam document 
cftad In soarch report 


PuMcation 
* date 


Patent tamily 
member(s) 


Pubficatkxt 
date 





wo 9700319 



03-01-1997 



AU 
CA 
EP 
JP 



6011096 A 
2224646 A 
0832219 A 
11507547 T 



15-01-1997 
03-01-1997 
01-04-1998 
06-07-1999 



WO 9631526 


A 


10-10-1996 


AU 


5539596 A 


23-10-1996 


WO 9608570 


A 


21-03-1996 


US 


5541087 A 


30-07-1996 








AU 


691980 B 


28-05-1998 








AU 


3676595 A 


29-03-1996 








. CA 


2199830 A 


21-03-1996 








EP 


0782625 A 


09-07-1997 








JP 


2877959 B 


05-04-1999 








JP 


10505751 T 


09-06-1998 








US 


5726044 A 


10-03-1998 



GB 2292382 



21-02-1996 



US 


6001968 A 


14-12-1999 


us 


5935810 A 


10-08-1999 


AU 


3329895 A 


07-03-1996 


B6 


101228 A 


30-09-1997 


BR 


9508596 A 


21-10-1997 


CA 


2195955 A 


22-02-1996 


CZ 


9700460 A 


12-11t1997 


DE 


19531931 A 


07-03-1996 


OE 


29522109 U 


02-12-1999 


OE 


777732 T 


29-01-1998 


EP 


0777732 A 


11-06-1997 


ES 


2108663 T 


01-01-1998 


fl 


970656 A 


17-02-1997 


6R 


97300021 T 


30-07-1997 


HK 


1001495 A 


19-06-1998 


HU 


78052 A 


28-07-1999 


LT 


97020 A.S 


25-09-1997 


LV 


11868 A 


20-10-1997 


LV 


11868 B 


20-01-1998 


NO 


970100 A 


30-04-1998 


NO 


970683 A 


16-04-1997 


PL 


319021 A 


21-07-1997 


SI 


9520090 A 


31-08-1998 


SK 


22197 A 


04-02-1998 


TR 


960148 A 


21-06-1996 


UO 


9605309 A 


22-02-1996 


US 


6048837 A 


11-04-2000 


ZA 


9506868 A 


09-04-1996 


JP 


10262688 A 


06-10-1998 


JP 


9506264 T 


24-06-1997 


JP 


9502729 T 


18-03-1997 



forni PCT4SA;9:; ipitonltMily MM) pB^ 1992) 



PCX 



WORLD IKTQiECTUAL PROPERTY ORGANIZATION 
Intematianm] Buretu 




INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT CX30PERATION TREATY (PCT) 



(51) Internatioiial Patent Classification : 
C07K16W0 



A2 



(11) International Publication Number: 
(43) IntematioB^ PubUcatkm Date: 



WO 00/40615 

13 July 2000 (I3i)7.00) 



(21) International AppUcaUon Number: PCn7US0Qm352 

(22) Internationa] Filing Date: 7 Januaiy 2000 (O7X)Ij00) 



(30) Priority Data: 
60/1 1S.079 



7 Januaiy 1999 (07i)l^) 



US 



(71) Applicant: LEXIGEN PHARMACEUTICALS, CORP. 

[USAJS]; 125 Hartwell Avenue. Lexington. MA 02173 
(US). 

(72) Inventors: LO, Kin-Ming: 6 Carol Lane, Lexington. MA 

02420 (US). ZHANG. Jinyang; 8 Brattle Drive. Apt 9. 
Ailington. MA 02474 (US). GILLIES. Stephen. D.; 159 
Sunset Road. Cailisle. MA 01741 (US). 

(74) Agent: GREENHALGH. Duncan. A.; Testa. Hurwitz & 
ThibeauK. LLP. High Street Tower. 125 Hi^ Street, Boston. 
MA 021 10 (US). 



(81) Designated States: AE. AL. AM. AT. AU. A2, BA. BB. BG, 
BR. BY, CA, CH, CN, CR. CU. CZ. DE, DK. DM. EE. 
ES, FI, GB. GD. GE. GH. GM, HR. HU. ID. IL, IN, IS. JP, 
KE. KG. KP. KR, KZ. LC LK. LR. LS. LT. LU. LV. MA 
MD. MG. MK. MN. MW. MX. NO. NZ, PL. FT. RO, RU, 
SD, SE. SG. SI. SK, SL. TJ. TM, TR. TT. TZ. UA. UG, 
UZ. VN. YU. ZA. ZW, ARIPO patent (GH, GM. KE, LS. 
MW, SD. SL. SZ. TZ. UG. ZW). Eurasian patent (AM, AZ. 
BY. KG. KZ, MD. RU, TJ, TM). EuK^)can patent (AT. BE. 
CH, CY. DE, DK, ES. R, FR, GB. GR. IE. IT. LU. MC. 
NL. FT. SE). OAPI patent (BF. BJ. CP, CG, CI. CM. GA. 
GN, GW. ML. MR. NE. SN. TD. TG). 



Published 

Without inurnaiional search report and to be republished 
upon receipt of that report. 



(54) ntle: EXPRESSION AND EXPORT OF ANTW)BESmr PROTEINS AS Fc FUSION PRCXIHNS 



(57) Abstract 



Disclosed aie nucleotide sequences, for example. DNA or RNA sequoices. which encode an hnmunoglobnlin Fb-Lqrtin fusion 
protein. The nucleotide sequences can be inserted mto a suitabte esqiression vector and expressed in mflrffmar tflft cells. Also disclosed is a 
fmUy of immunoglobulin Fc-Leptin lusion proielns that can be produced by expressicm of such nucleotide mpifmrs. Also disclosed are 
methods usmg such nuc l e o tid e sequences and talon proteins for treating conations whidi are aOe^iated by administration of kptin. 



FOB THE PUBPOSES OF INFORMATION ONLY 





Codes used to kleiitify S 


tates psity to PCT on tiie firentt | 




of pamphlets puUisbIng inn 


•nuttion 


d applications under 


AL 


Ab«da 


BS 


SNA 


IS 


LeMiho 


a 


Slovcob 


AM 


Anionlt 


n 


Ftadnd 


LT 




8K 


Slovridft 


AT 


Aanrii 


FR 




LU 


LoMSbonS 


SN 




AU 


Antnlii 


GA 


GibdB 


LV 


Ufvii 


sz 




AZ 


Axobd^ 


GB 


Ifoksd Kiiisdoitt 


MC 




TO 




BA 




GB 


Ocorite 


MD 


R^ublie of Moldm 


TC 


Tofo 


BB 


BntedM 


GH 




MG 




TJ 


TOUsn 
Ttetaiicuiniii 


BE 




GN 


OoiKi 


MK 




TM 


BF 


BokimBno 


GR 


GnccB 




^ofaSp Macedooa 


TR 




BG 
BJ 


BcoIb 


RU 
IB 




ML 
MN 




TT 
UA 


Iksudad lad TobagD 
Ulniae 


BR 


ft-, .ft 


IL 


tuid 


MR 




UG 


l^ndft 


BY 


Dcluui 


IS 




MW 


I^M ^ 


US 


UotedSttaaorAaKri 


CA 




IT 


ftaSy 


MX 


Mexico 


UZ 


UsMdtnn 


CP 


Ccmntf AlHoD BffHiWk 


JP 


lipn 


NE 


Niger 


VN 


VieiNa 
Yosntefia 


CC 


GoQso 


KB 


Kcajv 


NL 


Ncitigiliiidi 


YU 


CB 




KG 




NO 


Norwqr 


ZW 




a 


Cte d'hote 


KF 


DcnocntfeFBople*! 


NZ 


NewZtthad 




CM 






R^Meof Kflta 


PL 


BbM 






CN 


adn 


KR 




FT 








CU 


COta 


KZ 


Kmtatto 


RO 








a 




LC 


SttaLocb 


RU 


RuMto redemiuu 






DE 


GuBiiuy 


U 




SO 


Sotfan 






OK 


Dcmsk 


LK 


SriUda 


SB 


SlMBdCQ 






BE 


Ettonia 


LR 


Ubeiit 


sc 









wo 00/40615 



PCTAJSOO/00352 



EXPRESSION AND EXPORT OF ANTI-OBESITY 
PROTEINS AS Fc FUSION PROTEINS 



Related Applications 

This application claims priority to U.S. Provisional Application Serial No. 60/1 15,079, 
filed January 7. 1999, the disclosure of which is incorporated herein by reference. 

Field of the Invention 

The present invention relates generally to methods and compositions for making and 
5 using fusion proteins containing an anti-obesity protein. More particularly, the invention relates 
to methods and compositions for making and using fusion protems which contain an 
immunoglobulin Fc region and a leptin anti-obesity protein. 

Background of the Invention 

Obesity is a major physiological disorder associated with a number of maladies such as 
10 diabetes, hypertension, heart disease and certain types of cancers. In the United States, it is 
estimated that more than 30% of the adult population is obese, i.e., at least 20% over ideal body 
weight There are also increasing indications that obesity is &st becoming a serious health 
problem woridvdde. It is recognized that in many cases diet and exercise alone are insufficient 
to achieve a reduction in body weight, especially in people who inherit genetic traits that 
15 predispose them to becoming obese. There is, therefore, a need for a drug that can help people 
lose weight and lower flie risks of obesity-related disorders. Mote specifically, there is a need for 
an anti-obesity drug with enough potency to cause substantial weight loss at feasible dose levels. 
Because obesity is defined as being 20% over ideal weigjit, a weight loss of at least 20% is 
desirable. In more severe cases, a weight loss of 30^0% can be necessary to bring a person's 
20 weight down into a healthy range. 

Obesity is a multifactorial phenotype, which may result from a combination of 
physiological, psychological, genetic and environmental factors. One &ctor associated with 
obesity is the obese (ob) gene which has now been cloned (Zhang et dL (1 994) Nature 
372:425). In normal nuce, the ob gene encodes a hormone called leptin (Friedman et al (1998) 
25 Nature 395:763), In a satiated state, excess energy is converted and stored as triglycerides in 
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adipocytes, which in turn secrete leptin into the blood stream. Leptin functions as a messenger 
by binding to its receptor, a long form of which has a cytoplasmic domain capable of signal 
transduction and is found predominantly in the hypothalamus. It is contemplated that hormone- 
receptor binding is a signaling mechanism through which the adipose tissue can inform the brain 
5 about the stams of energy stores. It is contemplated that leptin crosses the blood-brain barrier to 
gain access to leptin receptors located in the hypothalamus (Spiegelman et al (1996) Cell 
87:377). When the brain receives a message that the energy stores are plentiful, it tells the body 
to adjust accordingly, by reducing food intake and/or increasing energy expenditure. 

A strain of morbidly obese mice referred to as ob/ob mice are homozygotes having two 
10 mutant ob alleles. The mutant alleles produce truncated leptin, which is non-functional and 
probably degrades rapidly in vivo. Consequences of leptiii deficiency in oh/ob mice include 
lethargy, hypothermia, hyperglycemia, hyperinsulinemia, and infertility. In humans, there is also 
evidence associating weight gain and obesity to leptin deficiency (Montague et al (1997) 
Nature 387:903; Ravussin et al (1997) Nature Medicine 3:238), although it has been 
15 reported that the majority of obese people have high levels of circulating leptin (Considine et al 
(1995) N. Engl, J. Med. 334:292). 

Symptoms associated with leptin deficiency in ob/ob mice can be ameliorated by the 
administration of recombinant leptin. Daily intraperitoneal injections of leptin can reduce food 
intake, body weight, percent body fat, and serum concentrations of glucose and insulin. This was 

20 accompanied by increases in metabolic rate^ body temperature and locomotor activities, all of 
which require energy expenditure (Pelleymounter et al (1995) SaENCE 269:540; Halaas et al 
(1995) Science 269:543). In the same studies, normal mice also benefited from lq>tin treatment, 
although the reductions in body weight, food intake and body &t were significantly smaller. 
Recombinant leptin also has been used to correct infertility in both female and male ob/ob mice 

25 (Chebab et al (1996) Nature Genetics 12:3 1 8; Mounab et al (1997) Endocrinology 
138:1 190). Furthemiore, recent experiments using transgemc mice suggested that about 5 to 
lOSi of obese htmians having relatively normal or low leptin levels may be responsive to leptin 
treatment Goffe et al (1998) Proc Natl. ACAD, Sa. USA 95:1 1852). 

The use of leptin in its present fonns requires high doses of the protein to be injected 
30 multiple times daily for months to achieve the dewed clinical outcome. For example, in a recent 
clinical trial, some volimteers on the high dose range required leptin to be injected three tiroes 



wo 00/4061 5 PCT/USOO/00352 

daily for six months (Wall Street Journal, June 15, 1998). Presumably, frequent, high doses 
are needed due to a combination of low potency and short serum half-Iife of leptin. This 
observation also is consistent with observations in ob/ob mouse models in which an 
intraperitoneal injection of 5 to 20 mg/kg/day of leptin was needed to demonstrate a significant 
reduction in body weight (Pelleymounter et al (1995) Science 269:540; Hallas et ai (1995) 
Science 269:543; Chebab etal. (1996) Nature Genetics 12:318; Mounzih et ai (1997) 
Endocrinology 138:1190). To overcome the "suboptimal pharmacokinetics" ofleptin, a 
chronic infusion of leptin at 400 ng/hr subcutaneously was needed to achieve a physiologic 
plasma level of leptin in mice (Halaas et ai (1997) Proc. Natl Acad. Sci. USA 94:8878). 

Major reasons for the frequent, high doses appear to be due to one or more intrinsic 
propenies, for example, size, of leptin and the method by which the pharmacological agent was 
prepared. Leptin has a molecular weight of about 16 kD (Halaas et al (1 995) Science 269:543) 
and thus is small enough to be cleared by renal filtration. Hence a high dose may be necessary to 
compensate for the short senun half life in vivo. 

Moreover, smaller proteins such as leptin can be produced in bacteria, for example, £. 
coll. Under certain circumstances, the recombinant leptin is produced as insoluble inclusion 
bodies in £ coli. Prior to use, the inclusion bodies must be solubilized with a denaturing agent, 
for example, guanidine hydrochloride, purified tmdcr denaturing conditions, and folded under 
appropriate conditions to produce functional protein. In addition, leptin contains two cysteine 
residues which participate in an intramolecular disulfide bond. Thus, to maximize the recovery 
of a soluble, biologically active molecule, the folding process needs to be controlled carefully to 
minimize the formation of insoluble protein aggregates and intermolecular disulfide bonds. 

As a result of such a complicated production process, /.e., leptin purified from inclusion 
bodies made in prokaiyotes, it m^ not be possible to provide a well-defined homogeneous 
protein sample with fiill biological activity. Attempts to improve the solubility of Icptm have 
mcluded mutating certain amino acid residues to aspartates or glutamates thereby lowering flie 
isoelectric point (pi) of leptin from 5.84 to below 5.5 (UJS. Patent No. 5,719^66). Although 
such manipulation results in a product that can be more readily formulated and stored, the 
product also is a mutam protdn which could be unmunogenic in the intended recipient 

Given the high dosage, low efficacy, short serum half-life, and very complex processes 
involved in the production and purification of leptm, there is a need in the art for methods of 



wo 00/40615 PCTAJSOO/00352 

• 4- 

enhancing the produciion and improving the pharmacological properties of this anti-obesity 
agent. 

Summan' of the Invention 

The present invention features methods and compositions useful for making and using 
5 fusion proteins containing an anti-obesity protein, for example, leptin. The fusion proteins can 
facilitate high level expression of biologically active anti-obesity proteins. The fusion protein 
can be combined with a pharmaceutically acceptable carrier prior to administration to a mammal, 
for example, a human. Under certain circumstances, the anti-obesity protein can be cleaved from 
the fusion protein prior to formulation and/or administration. Alternatively, nucleic acid 
10 sequences encoding the anti-obesity protein containing fusion.protein can be combined with a 
pharmaceutically acceptable carrier and administered to the mammal. 

It is an object of the invention to provide novel nucleic acid sequences, for example. 
DNAs and RNAs, which facilitate the production and secretion of leptin. In particular, objects of 
the invention are (i) to provide novel nucleic acid sequences which facilitate efficient production 
15 and secretion of leptin; (ii) to provide nucleic acid constructs for the rapid and efficient 
production and secretion of leptin in a variety of mammalian host cells; and (iii) to provide 
methods for tiie production, secretion and coUection of recombinant leptin or genetically 
engineered variants thereof, including non-native, biosynthetic, or otherwise artificial leptin 
proteins such as proteins which have been created by rational design. 

20 Odier objects of the invention are to provide polynucleotide sequences which, when fused 

to a polynucleotide encoding leptm, encode a leptin containing fusion polypeptide which can be 
purified tising common reagents and techniques. Yet another object is to interpose a proteolytic 
cleavage site between a secretion cassette and the encoded leptin protein such that the secretion 
cassette can be cleaved fiom tiie leptin domain so leptin may be purified independentiy . 

25 Another object of the invention is to provide fusion proteins containing leptin. The 

fusion proteins of the present invention demonstrate improved biological properties over native 
leptin such as increased solubility, prolonged serum half-life and increased binding to its 
receptor. Thesepropertiesmay improve significantiy the clinical eflBcacy of leptin. In a 
preferred embodiment, the fusion protein comprises, in an N* to C- terminal direction, an 

30 immunoglobulin Fc region and leptin, with otiier moieties, for example, a proteolytic cleavage 
site, optionally interposed between the immunoglobulin Fc region and the leptin. The resulting 
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fusion protein preferably is synthesized in a cell that glycosylates the Fc region at normal 
glycosylation sites, /.e., which usually exist in template antibodies. Glycosylation contributes, at 
least in part, to the enhanced circulatory half-life of the fiision protein. 

Other objects of the invention are to provide multivalent and multimeric forms of leptin 
5 fusion proteins, and combinations thereof. 

Another object of the invention is to provide methods of treatment using the fusion 
proteins, or cleaved leptin. An overall object of the invention is to provide processes which are 
both efficient and inexpensive as well as yield biologically active anti-obesity proteins. 

Accordingly, in one aspect, the present invention provides nucleic acid molecules, for 
10 example, DNA or RNA molecules, which encode an immunoglobulin Fc region-leptin fusion 
protein. The nucleic acid molecule encodes a signal sequence, an immimoglobulin Fc region, 
and at least one target protein, also referred to herein as the anti-obesity protein, for example, 
leptin. In a preferred embodiment, the nucleic acid molecule encodes, serially in a S* to 3* 
direction, the signal sequence, the immunoglobulin Fc region and the target protein sequence. In 
15 another embodiment, the nucleic acid molecule encodes, serially in a 5' to 3' direction, the signal 
sequence, the target sequence, and the immunoglobulin Fc region. The nucleic acid may encode 
an X-Fc or Fc-X structure where X is a target protein such as leptin. The preferred embodiments 
are the Fc-X structures because of their superior level of expression. 

In a preferred embodiment, the immunoglobulin Fc region comprises an inmitmoglobtilin 
20 hinge region and preferably comprises at least one immunoglobulin constant heavy region 

domain, for example, an immimoglobulin constant heavy 2 (CH2) domain, an immunoglobulin 
constant heavy 3 (CH3) domain, and depending upon Ae type of immunoglobulin used to 
generate the Fc region, optionally an immunoglobulin constant heavy chain 4 (CH4) domain. In 
a more preferred embodiment, the immunoglobulin Fc region lacks at least an immunoglobulin 
25 constant heavy 1 (CHI) domain. Although the immunoglobulin Fc regions may be based on any 
immunoglobulin class, for example, IgA, IgD, IgE, IgG, and IgM, immunoglobulin Fc regions 
based on IgG are preferred. 

The nucleic acid of the invention can be incorporated in operative association into a 
replicable expression vector which can then be introduced into a mammalian host cell competent 
30 to produce the Icptin-based fusion protein. The resultant leptin-based fusion protein is produced 
efficiently and secreted from the mammalian host cell. The secreted leptin-based fusion protein 
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may be collected from the culture media without lysing the mammalian host cell. The protein 
product can be assayed for activity and/or purified using common reagents as desired, and/or 
cleaved from the fusion partner, all using conventional techniques. 

In another aspect, the invention provides a fusion protein comprising an immunoglobulin 
5 Fc region linked, either directly through a polypeptide bond or indirectly via a polypeptide 
linker, to the target protein. The target protein may be fused via its C-terminal end to an N- 
terminal end of the immunoglobulin Fc region. However, in a more preferred embodiment the 
target protein is fused via its N-terminal end to a C*terminal end of the immimoglobulin Fc 
region. 

10 In one embodiment, the fusion proteins of the invention when administered at a dose of 

about 0.25 mg/kg/day for 5 days to an ob/ob mouse having an initial body weight of at least 
about 50 grams, induce about a 10 % (about 5 gram), more preferably about a 12% (about 6 
gram) or more preferably about a 15% (about 7.5 gram) loss of the initial body weight In a 
more preferred embodiment, the fusion proteins of the invention, when administered at a dose of 

15 about 0.1 mg/kg/day for 5 days to an ob/ob mouse having an initial body weight of at least about 
50 grams, induce about a 10 % (about 5 gram), more preferably about a 12% (about 6 gram), or 
more preferably about a 1 5% (about 7.5 gram) loss of the initial body weight 

In another embodiment, the fusion protein may comprise a second target protein, for 
example, mature, full length leptin or a bioactive fragment thereof. In this type of construct the 

20 first and second target proteins can be the same or different proteins. The first and second target 
proteins may be linked together, either directly or by means of a polypeptide linker. 
Alternatively, both target proteins may be linked either directly or via a polypeptide linker, to the 
inmiunoglobulin Fc region. In the latter case, the first target protein can be connected to an N- 
terminal end of the immunoglobulin Fc region and the second target protein can be connected to 

25 a C-terminal end of the immunoglobulin Fc region. 

In another embodiment, two fiision proteins may associate, either covalently, for 
example, by a disulfide or polypeptide bond, or non-covalently , to produce a dimeric protein. In 
a preferred embodiment, the two fusion protdns are associated covalently by means of at least 
one and more preferably two interchain disulfide bonds via cysteine residues, preferably located 
30 within immunoglobulin hinge regions disposed within the immunoglobulin Fc regions of each 
chain. 
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In another aspect, the invention provides methods of producing a fusion protein 
comprising an immunoglobulin Fc region and the target protein. The method comprises the 
steps of (a) providing a mammalian cell containing a DNA molecule encoding such a fusion 
protein, either with or without a signal sequence, and (b) culturing the mammalian cell to 
5 produce the fusion protein. The resulting fusion protein can then be harvested, refolded, if 
necessary, and purified using conventional purification techniques well known and \ised in the 
art. Assuming that the fusion protein comprises a proteolytic cleavage site disposed between the 
immunoglobulin Fc region and the target protein, the target can be cleaved from the fusion 
protein using conventional proteolytic enzymes and if necessary, purified prior to use. 

10 In yet another aspect, the invention provides methods for treating conditions alleviated by 

leptin or active variants thereof by administering to a mammal an effective amount of leptin 
produced by a method of the invention and/or a fusion construct of the invention. The invention 
also provides a method for treating conditions alleviated by leptin or active variants thereof by 
administering a DNA or RNA of the invention, for example, a "naked DNA," or a vector 

15 containing a DNA or RNA of the invention, to a mammal having the condition. 

The foregoing and other objects, features and advantages of the present invention will be 
made more apparent from the detailed description, drawings, and claims that follow. 

Brief Description of the Drawings 

Figures 1 A-IE are schematic illustrations of exemplary anti-obesity fusion proteins 
20 constructed in accordance with the invention. The Figures depict, respectively. Figure 1 A, 
dimeric Fc-leptin; Figure IB, dimeric Fc-leptin-GlySer Imker leptin fragment; Figure IC, 
dimeric Fc-leptin-GlySer linker-leptin; Figure ID, dimeric leptin-Fc; and Figure IE, dimeric 
leptin-GlySer linker-Fc. The vertical lines represent optional disulfide bonds connectmg 
cysteine residues (C) disposed within a hinge region of eadi immunoglobulin region. 

25 Figure 2 is a graph showing the body weight of oh/ob mice in grams treated with IP 

injections of 0.2Smg/kg of muLeptin-Iinker*muFc (diamonds), O^Smg/kg muLeptin-muFc 
(squares), 0,2Smg/kg muFc-MuLeptin (triangles), or phosphate buffered saline (PBS) (crosses). 

Figure 3 is a graph showing Ae body weight of ob/ob mice treated with daily (daily for 
tfie first 12 days, and thereafter only Monday through Friday) intrq)eritoneal (IP) injecdons of 
30 either 025 mg/kg of muFc-muLeptin (diamonds) or phosphate-buffered saline (PBS) (squares). 
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Figure 4 is a graph showing the body weight of ob/ob mice in grams treated with daily 
intravenous (IV) injections of 0.25 mg/kg of muFc-muLeptin (triangles), 1 .0 mg/kg muFc- 
muLeptin (circles), or PBS (squares) for five days, followed by no treatment. 

Figure 5 is a graph showing the effect of different dosing schedules on the body weight of 
oh/ob mice treated with subcutaneous (SC) injections of muFc-muLeptin (0.25 mg/kg 
(diamonds); and 0.1 mg/kg followed by 1.0 mg/kg (squares)) or PBS (triangles). 

Figure 6 is a graph showing the body weight of ob/ob mice in grams treated with 
intraperitoneal d?) injections of 0.1 mg/kg of huFc-huLeptin (diamonds), 0.5 mg/kg huFc- 
huLeptin (squares), or PBS (triangles). 

Figure 7 is a graph showing the circulating levels in serum of glycosylated huFc- 
huLeptin (diamonds) and unglycosylated huFc (N-»Q mutation)-huLeptin (squares) as a 
function of time (hours) post administration. The circulating levels are expressed as a percentage 
of the initial dose. 

Detailed Description of the Invention 

The invention provides fusion proteins which are useful in the production of anti-obesity 
proteins. The fusion proteins of the invention and/or nucleic acids encoding such fusion proteins 
may be admiiusteied directly to mammals in need of treatment with an anti-obesity protein. It is 
contemplated, however, that the anti-obesity proteins may be cleaved from the fusion proteins 
prior to use. 

The invention thus provides fusion proteins comprising an immimoglobulin Fc region 
and at least one tai^et protein, referred to herein as leptin. Five exemplary embodiments of 
protein constructs embodying the invention are illustrated in the drawing as Figures 1 A-IE. 
Because dimeric constructs are preferred, all are illustrated as dimers cross-linked by a pair of 
disulfide bonds between cysteines in adjacent subunits. In the drawings, the disulfide bonds are 
depicted as linking together the two immunoglobulin heavy chain Fc regions via an 
immunoglobulin hinge region within each heavy chain, and thus are characteristic of native 
forms of these molecules. While constructs including the lunge region of Fc are prefened and 
have been shown promise as therapeutic agents, the invention contemplates that the crossUnldng 
at other portions may be chosen as desired. Furthermore, under some circumstances, dimers or 
multimers useful in the practice of the invention may be produced by non-covalent association, 
for example, by hydrophobic interaction. 
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Because homodimeric consinacis are imponani embodiments of ihe invention, the 
drawings illustrate such constructs. It should be appreciated that heterodimeric structures also 
are useful in the practice of the invention. However, viable constructs useful to inhibit obesity in 
various mammalian species including humans can be constructed, e.g., one chain of a dimeric Fc 
5 fusion protein comprising a full length Icptin and the other chain of the dimeric Fc fusion protein 
comprising a leptin variant 

Figure 1 A illustrates a dimeric construct produced in accordance v^dth the principles set 
forth herein (see, for example. Examples 1 and 4). Example 1 expresses the murine construct 
and Example 4 expresses the human construct. Each monomer of the homodimer comprises an 
10 immunoglobulin Fc region 1 including a hinge region, a CH2 domain and a CH3 domain. 

Attached directly, i.e., via a polypeptide bond, to the C terminus of the Fc region is leptin 2. It 
should be understood that the Fc region may be attached to a target protein via a polypeptide 
linker (not shown). 

Figures IB and I C depict protein constructs of the invention which include as a target 
15 protein plural anti^ibesity proteins arranged in tandem and connected by a linker. In Figure IB, 
the target protein comprises full length leptin 2, a polypeptide linker made of glycine and serine 
residues 4, and an active variant of leptin 3. Figure IC differs from the construct of Figure IB in 
that the most C-terminal protein domain comprises a second full length copy of leptin 2. 

Although Figures 1 A- IC represent Fc-X constructs, where X is the target protein, it is 
20 contemplated that X-Fc type constructs may also be useful in the practice of the invention. 
Accordingly, Figures ID and IE depict X-Fc-type constructs made in accordance with the 
principles set forth herein (see. for example. Examples 5 and 6). The X-Fc-type construct 
depicted in Figure ID comprises, at its N-terminus, a full length leptin 2\ Connected directly to 
the leptin*s C-terminus is an Fc region 1 * including a hinge region. In Figure IE, the illtistrated 
25 construct has at its N-tenninus a full length leptm 2\ In contrast to ihe construct of Figure ID, 
however, the leptin 2* depicted in Figure IE is connected by a polypeptide linker 4* to an Fc 
region 1 *. Furtfaennore, it is contemplated that useful proteins of the invention may also be 
depicted by the formula X-Fc-X, wherein the X's may represent the same or diiSFerent target 
proteins. 

30 As used herein, the term "polypeptide linker'' is understood to mean a peptide sequence 

that can link together two proteins that in nature are not naturally linked together. The 
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polypeptide linker preferably comprises a plurality of amino acids such as alanine, glycine and 
serine or combinations of such amino acids. Preferably, the polypeptide linker comprises a 
series of glycine and serine peptides about 10-15 residues in length. See, for example, U.S. 
Patent No. 5,258,698, the disclosure of which is incorporated herein by reference. It is 
contemplated, however, that the optimal linker length and amino acid composition may be 
determined by routine experimentation. 

As used herein, the term "multivalent'* refers to a recombinant molecule that incorporates 
two or more biologically active segments. The protein fragments forming the multivalent 
molecule may be linked through a polypeptide linker which attaches the constituent parts and 
permits each to function independently. 

As used herein, the term "bivalent" refers to a multivalent recombinant molecule having 
the configuration Fc-X or X-Fc, where X is a target molecule. The inununoglobulin Fc regions 
can associate, for example, via interchain disulfide bonds, to produce the type of constructs 
shown in Figs. 1 A and ID, If the fusion construct of the invention has the configuration Fc-X-X, 
the resulting Fc dimer molecule is shown in Fig. IC. The two target proteins may be linked 
through a peptide linker. Constructs of the type shown in Fig. 1 A can increase the apparent 
binding aflBnity between the target molecule and its receptor. For instance, if one leptin moiety 
of an Fc-Leptin fusion protein can bind to a receptor on a cell with a certain aflfmity, the second 
leptin moiety of the same Fc-Leptin fusion protein may bind to a second receptor on the same 
cell with a much higher avidity (apparent affinity). This may occur because of the physical 
proximity of the second leptin moiety to the receptor after the first leptin moiety already is 
bound. In the case of an antibody binding to an antigen, the apparent affini^ may be increased 
by at least ten thousand-fold, i.e.» 10*. Each protein subunit, i.e., has its own mdependent 
function so that in a multivalent molecule, the functions of the protein subinuts may be additive 
or synergistic. 

As used herein, the term ^^multimeric"^ refers to the stable association of two or more 
polypeptide chains either covalently, for example, by means of a covalent interaction, for 
example, a distilfide bond, or non-covalently, for example, by hydrophobic interaction. The term 
multimer is intended to encompass both homomultimers, wherein the subunits are the same, as 
well as, heteromultimers, wherein the subunits are different 
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As used herein, the lerm "dimeric" refers to a specific multimeric molecule where two 
polypeptide chains are stably associated through covalent or non-covalent interactions. It should 
be understood that the immunoglobulin Fc region including at least a portion of the hinge region, 
a CH2 domain and a CH3 domain, typically forms a dimer. Many protein ligands are known to 
5 bind to their receptors as a dimer. If a protein ligand X dimerizes naturally, the X moiety in an 
Fc-X molecule will dimerize to a much greater extent, since the dimerization process is 
concentration dependent. The physical proximity of the two X moieties connected by Fc would 
make the dimerization an intramolecular process, greatly shifting the equilibrium in favor of the 
duner and enhancing its binding to the receptor. 

10 As used herein, the term "leptin*' is understood to mean not only full length mature leptin 

protein (see, for example, SEQ ID N0:2 and SEQ ID NO:4 which represent mature human leptin 
and murine leptin, respectively), but also variants and bioactive fragments thereof. The term 
bioactive fragment refers to any leptin protein fragment that has at least 30%, more preferably at 
least 70%, and most preferably at least 90% of the biological activity of the mature, template 

15 leptin protein, as determined using the ob/ob mouse model. The term variants includes species 
and allelic variants, as well as other naturally occurring or non-naturally occurring variants, for 
example, generated by genetic engineering protocols, that are at least 70% similar or 60% 
identical, more preferably at least 75% similar or 65% identical, and most preferably at least 80% 
similar or 70% identical to either the naturally-occurring sequences of leptin disclosed herein. 

20 To detennine whether a candidate polypeptide has the requisite percentage similarity or 

identity to a reference polypeptide, the candidate amino acid sequence and the reference amino 
acid sequence are first aligned using the dynamic programming algoridim described in Smith and 
Waterman (1981) J. MOL. BIOL. 147:195-197, in combination with the BLOSUM62 substitution 
matrix described in Figure 2 of Henikoff and Henikoff (1992), ^'Amino acid substitution matrices 

25 firom protein blocks^ Proc. Natl. ACAD. SCl. USA 89:1091 5-10919. For the present 

invention, an appropriate value for the gap insertion penalty is •I 2, and an impropriate value for 
the gap extension penalty is -4. Computer programs performing aligimients using the algorithm 
of Smith-Waterman and the BLOSUM62 matrix, such as the GCG program suite (Oxford 
Molecular Group, Oxford, England), are commercially available and widely xised by those 

30 skilled in the ait. 
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Once the alignment between the candidate and reference sequence is made, a percent 
similarity score may be calculated. The individual amino acids of each sequence are compared 
sequentially according to ttieir similarity to each other. If the value in the BLOSUM62 matrix 
corresponding to the two aligned amino acids is zero or a negative number, the pair-wise 
5 similarity score is zero; otherwise the pair- wise similarity score is 1 .0. The raw similarity score 
is the sum of the pair-wise similarity scores of the aligned amino acids. The raw score then is 
normalized by dividing it by the number of amino acids in the smaller of the candidate or 
reference sequences. The normalized raw score is the percent similarity. Alternatively, to 
calculate a percent identity, the aligned amino acids of each sequence again are compared 

10 sequentially. If the amino acids are non-identical, the pair-wise identity score is zero; otherwise 
the pair-wise identity score is 1 .0. The raw identity score is the sum of the identical aligned 
amino acids. The raw score is then normalized by dividing it by the ntimber of amino acids in 
the smaller of the candidate or reference sequences. The normalized raw score is the percent 
identity. Insertions and deletions are ignored for the purposes of calculating percent similarity 

15 and identity. Accordingly, gap penalties are not used in this calculation, although they are used 
in the initial alignment. 

Variants may also include other leptin muteins having leptin-like activity. See, for 
example, U.S. Patent No. 5,719,266, the disclosure of v*ich is incorporated by reference herein. 
Species variants, include, but are not limited to human and mouse leptin sequences (see, for 

20 example, SEQ ID NOS 2 and 4, respectively) and the species variants encoded by nucleotide 
sequences disclosed in the Genbank and/or EMBL databases, for example, under accession 
numbers U72873 {Pongo pygjmaeus), U96450 {Pan troglogytes), U66254 (Sus scrota), U50365 
{Bos taurusl D49653 {Rattus norvegicus\ U58492 {Macaca mtdatta), U72872 {Gorilla gorilla), 
U62123 {Ovis aries\ AF082500 {Gallus gallus), AF082501 {Meleagris gallopmo\ AB020986 

25 {Canisfamliaris), AF097582 {Equus caballus), and AF159713 {Sminthopsis crassicaudaia), the 
disclosures of which are incorporated herein by reference. 

Furthermore, the leptin sequence may comprise a portion or all of the consensus sequence 
set forth in SEQ ID NO: 20, v*crein the leptin has at least 30%, more preferably at least 70%, 
and most preferably at least 90% of the biological activity of mature, fall length human leptin. as 
30 determined using the ob/ob mouse model. The consensus sequence of SEQ ID NO: 20, was 
generated from leptin sequences derived from mouse, rat, ducken, human, chimpanzee, covy. 
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sheep. lowland gorilla, rhesus monkey, pig, orangutang and dog. For example, the ieptin may 
comprise a portion or all of the consensus sequence: 

Val Pro Xaa Xaa Xaa Xaa Gin Asp Asp Thr Lys Thr Leu lie Lys Thr 
5 ^ 5 10 Is 

lie Val Xaa Arg lie Asn Asp He Ser His Thr Xaa Ser Val Ser Xaa 
20 25 30 

Xaa Gin Xaa Val Xaa Gly Uu As? Phe He Pro Gly Leu Xaa Pro Xaa 

10 35 40 45 

Leu Xaa Leu Ser Xaa Met Asp Gin Thr Leu Ala Xaa Tyr Gin Gin Xaa 
50 55 go 

13 Leu Xaa Xaa Xaa Xaa Ser Xaa Asn Xaa Xaa Gin He Xaa Xaa Asp Leu 
65 70 75 80 

Glu Asn Leu Arg Asp Leu Leu His Xaa Leu Ala Xaa Ser Lys Ser Cys 

20 " ^° 95 

Xaa Leu Pro Xaa Xaa Xaa Xaa Leu Xaa Xaa Xaa Xaa Ser Leu Xaa Xaa 

100 105 110 

Val Leu Glu Ala Ser Xaa Tyr Ser Thr Glu Val Val Ala Leu Ser Arg 
25 115 120 125 

Leu Gin Xaa Xaa Leu Gin Asp Xaa Leu Xaa Xaa Leu Asp Xaa Ser Pro 
130 135 

30 Xaa Cys 
145 

(SEQ ID NO: 20). wfaerein optionally Xaa3 can be He or Cys, Xaa4 can be Arg. Tip. Gin or His. 
XaaS can be Lys, Aig, or He, Xaa6 can be Val or Phe, Xaal 9 can be Ala or Thr, Xaa28 can be 

35 Gin or a peptide bond, Xaa32 can be Ser or Ala. Xaa33 can be Lys or Arg, Xaa35 can be Arg or 
Lys, Xaa37 can be Ala or Thr, Xaa46 can be Gin or His, Xaa48 can be Val, He or Lys. XaaSO 
can be Ser or Thr, Xaa53 can be Arg, Lys or Gin, Xaa60 can be He or Val, Xaa64 can be He or 
Val, Xaa66 can be Ans, Thr. lie. or Ala, Xaa67 xan be Leu or Met, Xaa68 can be Leu or Met, 
Xaa69 can be His or Pro, Xaa71 can-be Arg or Gin, Xaa73 can be Val or Met, Xaa74 can be Val, 

40 He or Leu, Xaa77 can be Ser or Ala, Xaa78 can be Asn or His, Xaa89 can be Leu orVal, Xaa92 
can be Ser. Phe or Ala, Xaa97 can be Pro, His or Ser, XaalOO can be Arg, Qto, Trp or Uu, 
XaalOl can be Ala. Val or Thr, XaaI02 can be Arg or Ser, Xaal03 can be Gly or Ala, XaalOS 
can be Glu or Ghi, Xaal06 can be Thr, Ser or Lys. Xaal 07 can be Phe, Leu or Pro, XaalOS can 
be Glu or Asp, Xaalll can be Gly or Asp. Xaain can be Gly, Asp or Val, Xaal 18 can be Uu 

45 or Gly, Xal31 can be Ala. Gly or Arg, Xaal32 can be Ala or Ser, Xaal 36 can be Met or He, Xaa 
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138 can be Arg, Tip or Qln, Xaal39 can be Arg or Gin, Xaal42 can be Leu or Val, or Xaal45 
can be Gly or GIu. 

In preferred embodiments, the target protein includes the full length, manir« sequence of 
leptin. The nucleotide sequences encoding and the amino acid sequences defining human and 
murine leptin proteins are set forth in SEQ ID NOS: 1 -4. 

The target proteins disclosed herein are expressed as fusion proteins with an Fc region of 
an immunoglobulin. As is known, each immunoglobulin heavy chain constant region comprises 
four or five domains. The domains are named sequentially as follows: CHl.hinge-CH2-CH3(- 
CH4). The DNA sequences of the heavy chain domains have cross-homology among the 
Immunoglobulin classes, e.g., the CH2 domain of IgG is homologous to the CH2 domain of IgA 
and IgD, and to the CH3 domain of IgM and IgE. 

As used herein, the term, "immunoglobulin Fc region" is understood to mean the 
carboxyl-teiminal portion of an immunoglobulin chain constant region, preferably an 
immunoglobulin heavy chain constant region, or a portion thereof! For example, an 
immunoglobulin Fc region may comprise 1 ) a CHI domain, a CH2 domain, and a CH3 domain, 
2) a CHI domain and a CH2 domain, 3) a CHI domain and a CH3 domain. 4) a CH2 domain and 
a CHS domain, or 5) a combination of two or more domains and an immunoglobulin hinge 
r^on. In a prefened embodiment the immunoglobulin Fc region comprises at least an 
immunoglobulin hinge region a CH2 domain and a CH3 domain, and preferably lacks the CHI 
domain. 

The currently preferred class of immunoglobulin from which the heavy chain constant 
region is derived is IgG Ggy) (Y subclasses 1, 2, 3. or 4). Tlie nucleotide and amino acid 
sequences of human Fc y-1 are set forth in SEQ ID NOS: 5 and 6. The nucleotide and amino 
acid sequences of murine Fc y-2a are set forth in SEQ ID NOS: 7 and 8, Other classes of 
immunoglobulin, IgA ago). IgD Qgb), IgE Gge) and IgM ag|i), may be used. The choice of 
appropriate immunoglobulin heavy chain constant regions is discussed in detail in U.S. Patent 
Nos. 5.541,087. and 5,726.044. The choice of particular immunoglobulin heavy chain constant 
region sequences from certain immunoglobulin classes and subclasses to achieve a particular 
result is considered to be within the level of skill in the art The portion of the DNA construct 
encoding the immunoglobulin Fc region preferably comprises at least a portion of a hinge 
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domain, and preferably at least a ponion of a CH3 domain of Fey or the homologous domains in 
any of IgA, IgD, IgE, or IgM. 

Depending on the application, constant region genes from species other than human, for 
example, mouse or rat may be used. The immunoglobulin Fc region used as a fusion partner in 
the DNA construct generally may be from any mammalian species. Where it is undesirable to 
elicit an immune response in the host cell or animal against the Fc region, the Fc region may be 
derived from the same species as the host cell or animal. For example, a human immunoglobulin 
Fc region can be used when the host animal or cell is human; likewise, a murine immunoglobulin 
Fc region can be used where the host animal or cell will be a mouse. 

Nucleic acid sequences encoding, and amino acid sequences defining human and murine 
immunoglobulin Fc regions useful in the practice of the invention arc set forth in SEQ ID NOS: 
5-8. However, it is contemplated that other immunoglobulin Fc region sequences useful in the 
practice of the invention may be found, for example, by those encoded by nucleotide sequences 
disclosed in the Genbank and/or EMBL databases, for example, AF045536.1 {Macaco 
fuscicularisX AF045537.1 (Macaca mulatta), AB016710 {Felix catus), K00752 {Oryctolagus 
cuniculusl U03780 {Sus scro/a), Z48947 {Camelus dromedarius), X629I6 {Bos taurus), L07789 
{Mustela vison), X69797 {Ovis aries), U17166 (Cricetulus migratorius), X07189 {Rattus rattus\ 
AF57619,1 (Trichosums vulpecula), or AF035195 {Monodelphis domestica), the disclosures of 
which arc incorporated by reference herein. 

Furthermore, it is contemplated that substitution or deletion of amino acids within the 
immunoglobulin heavy chain constant regions may be useful in the practice of the invention. 
One example would be to introduce amino acid substitutions in the upper CH2 region to create a 
Fc variant wth reduced affinity for Fc receptors (Cole et al. (1997) J. Immunol. 159:3613). One 
of ordmaiy skill in the an can prepare such constructs using well known molecular biology 
techniques. 

The use of human Fcyl as the Fc region sequence has several advantages. For example, 
if the Fc fusion protein is to be used as a biophannaceutical, the Fcyl domain may confer 
effector function activities to the fusion protein. The effector function activities include the 
biological activities such as placental transfer and increased serum half-life. The 
immunoglobulin Fc region also provides for detection by anti-Fc ELISA and purification through 
binding to Staphylococcus aureus protein A ("Protein A"). In certain applications, however, it 
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may be desirable to delete specific effector functions from the immunoglobulin Fc region, such 
as Fc receptor binding and/or complement fixation. 

In the fusion proteins of the invention, the immunoglobulin Fc regions facilitate proper 
folding of the leptin protein to yield active leptin proteins and also impart solubility to the active 
5 moieties, at least in the extracellular medium. Since the immunoglobulin Fc region is 
hydrophilic, the leptin containing fusion protein is soluble unlike the leptin counterparts 
expressed in a bacterial host DiMarchi et al (U.S. Patent No. 5,719,266) improved the 
solubility of leptin by mutating certain amino acid residues to aspartates or glutamates, thereby 
lowering the isoelectric point (pi) of leptin from 5.84 to below 5.5. The use of the 
10 immunoglobulin Fc region as a fusion partner reduces the need for creation of leptin muteins 
with a lower pi, because Fc is glycosylated and highly charged at physiological pi, and hence 
acts as a carrier to solubilize Icptm. As a result, leptin containing fusion protein is completely 
soluble in aqueous solutions, for example, pharmaceutically acceptable carriers. 

It is understood that the present invention exploits conventional recombinant DNA 
15 methodologies for generating the Fc fusion proteins useful in the practice of the invention. The 
Fc fusion constructs preferably are generated at the DNA level, and the resulting DNAs 
integrated into expression vectors, and expressed to produce the fusion proteins of the invention. 
As used herein, the term "vector" is understood to mean any nucleic acid comprising a nucleotide 
sequence competent to be incorporated into a host cell and to be recombined with and integrated 
20 into the host cell genome, or to replicate autonomously as an cpisome. Such vectors include 
linear nucleic acids, plasmids, phagemids, cosmids, RNA vectors, viral vectors and the like. 
Non-limiting examples of a viral vector include a fetrovinis, an adenovirus and an adeno- 
associated virus. As used herein, the term "gene expression" or **expression** of a target protein, 
is understood to mean the transcription of a DNA sequence, translation of the mRNA transcript, 
25 and secretion of an Fc fusion protein product. 

A useful expression vector is pdCs (Lo et al (1988) Protein Engineering 1 1:495, fte 
disclosure of which is incoiporated herein by reference) in v*ich the transcription of the Fc-X 
gene utilizes the enhancer/promoter of the human cytomegalovirus and the SV40 
polyadenylation signal. The enhancer and promoter sequence of tfie human cytomegalovirus 
30 used was derived from nucleotides -601 to +7 of the sequence provided in Boshart et al. (1 985) 
Cell 41 :521, the disclosure of which is incoiporated herein by reference. The vector also 
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contains the mutant dihydrofolate reductase gene as a selection marker (Simonsen and Levinson 
(1983) Proc. Nat. Acad. Sci. USA 80:2495, the disclosure of which is incoiporated herein by 
reference). 

An appropriate host cell can be transformed or transfected with the DNA sequence of the 
invention, and utilized for the expression and/or secretion of the target protein. Currently 
preferred host cells for use in the invention include immortal hybridoma cells, NS/0 myeloma 
cells. 293 cells, Chinese hamster ovary cells, HELA cells, and COS cells. 

One expression system that has been used to produce high level expression of fusion 
proteins in mammalian cells is a DNA construct encoding, in the 5* to 3' direction, a secretion 
cassette, including a signal sequence and an inununoglobulin Fc region, and a target protein. 
Several target proteins have been expressed successfully in such a system and include, for 
example, IL2, CD26, Tat, Rev, 0SF.2. pIG-H3, IgE Receptor, PSMA, and gpl20. These 
expression constructs are disclosed in U.S. Patent Nos. 5,541,087 and 5,726,044 to Lo et al, the 
disclosures of which are incoiporated by reference herein. 

As used herein, the term "signal sequence" is understood to mean a segment which 
directs the secretion of the leptin fusion protein and thereafter is cleaved following translation in 
the host cell. The signal sequence of the invention is a polynucleotide which encodes an amino 
acid sequence which initiates ttansport of a protein across the membrane of the endoplasmic 
reticulum. Signal sequences which are useful in the invention include antibody light chain signal 
sequences, e.g., antibody 14.18 (Gillies et. al (1989) J. IMK4UN0L. Meth. 125:191), antibody 
heavy chain signal sequences, e,g., the M0PCI41 antibody heavy chain signal sequence (Sakano 
et al, (1980) Nature 286:5774), and any other signal sequences which are known in the art (see, 
e.g., Watson (1984) NUCLEIC AODS Research 12:5145). Each of these references is 
incoiporated by reference herein. 

Signal sequences have been well characterized in the art and are known typically to 
contain 16 to 30 amino acid residues, and may contain greater or fewer amino acid residues. A 
typical signal peptide consists of tiiree regions: a basic N-terminal region, a central hydrophobic 
region, and a more polar C-terminal region. The central hydrophobic region contains 4 to 12 
hydrophobic residues that anchor the signal peptide across the membrane lipid bilayer during 
transport of tiie nascent polypeptide. Following initiation, the signal peptide is usually cleaved 
within tiie lumen of Ac endoplasmic reticulum by cellular enzymes known as signal peptidases. 
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Potential cleavage sites of the signal peptide generally follow the "(-3, -1) rule". Thus a typical 
signal peptide has small, neutral amino acid residues in positions -1 and -3 and lacks proline 
residues in this region. The signal peptidase will cleave such a signal peptide between the -1 and 
+1 amino acids. Thus, the signal sequence may be cleaved from the amino-terminus of the 
5 fusion protein during secretion. This results in the secretion of an Fc fiision protein consisting of 
the inununoglobulin Fc region and the target protein. A detailed discussion of signal peptide 
sequences is provided by von Heijne (1986) Nucleic Acids Res. 14:4683, the disclosure of 
which is incorporated by reference herein. 

As would be apparent to one of skill in the art, the suitability of a particular signal 
10 sequence for use in the secretion cassette may require some routine experimentation. Such 

experimentation will include determining the ability of the signal sequence to direct the secretion 
of an Fc fusion protein and also a determination of the optimal configuration, genomic or cDNA, 
of the sequence to be used in order to achieve efficient secretion of Fc fusion proteins. 
Additionally, one skilled in the art is capable of creating a synthetic signal peptide following the 
15 rules presented by von Heijne, referenced above, and testing for the efficacy of such a synthetic 
signal sequence by routine experimentation. A signal sequence can also be referred to as a 
"signal peptide," *ieader sequence," or "leader peptides." 

The fusion of the signal sequence and the immunoglobulin Fc region is sometimes 
referred to herein as secretion cassette. An exemplary secretion cassette useful in the practice of 

20 the invention is a polynucleotide encoding, in a 5* to 3* direction, a signal sequence of an 
immunoglobulin light chain gene and an Fcyl region of fte human immimoglobulin yl gene. 
The Fcyl region of the immunoglobulin Fcyl gene preferably includes at least a portion of the 
immunoglobulin hinge domain and at least the CH3 domain, or more preferably at least a 
portion of the hinge domam, the CH2 domain and the CH3 domain. As used herein, the 

25 "portion** of the immunoglobulin hinge region is understood to mean a portion of the 

immunoglobulin hinge that contains at least one, preferably two cysteine residues capable of 
foxming interchain disulfide bonds. The DNA encoding the secretion cassette can be in its 
genomic configuration or its cDNA configuration. Under certain circumstances, it may be 
advantageous to produce the Fc region from human immunoglobulin Fcy2 heavy chain 

30 sequences. Althougfh Fc fusions based on human immunoglobulin yl and y2 sequences behave 
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similarly in mice, the Fc fusions based on the y2 sequences can display superior 
pharmacokinetics in humans. 

In another embodiment, the DNA sequence encodes a proteolytic cleavage site interposed 
between the secretion cassette and the target protein. A cleavage site provides for the proteolytic 
5 cleavage of the encoded fiision protein thus separating the Fc domain from the target protein. As 
used herein, "proteolytic cleavage site" is understood to mean amino acid sequences which are 
preferentially cleaved by a proteolytic enzyme or other proteolytic cleavage agents. Useful 
proteolytic cleavage sites include amino acids sequences which are recognized by proteolytic 
enzymes such as trypsin, plasmin or enterokinase K, Many cleavage site/cleavage agent pairs are 
10 known. See, for example, U.S. Patent No. 5,726,044, the disclosure of which is incorporated 
herein by reference. 

In the Examples disclosed herein, high levels of Fc-Leptin fusion proteins were produced. 
The initial clones produced about 50 pg/mL of Fc-Leptin, which could be purified readily to 
homogeneity by Protein A chromatography. Expression levels often can be increased several 

15 fold by subcloning. In addition, the Fc-Leptin fusion proteins could be cleaved and further 

purified, e.g., by affinity purification. As stated above, it is found that when leptin is expressed 
as Fc fusion molecules, high levels of expression are obtained, presumably because the Fc 
portion acts as a carrier, helping the polypeptide at the C-terminus to fold correctly and to be 
secreted efficiently. Moreover, the Fc region is glycosylated and highly charged at physiological 

20 pH, thus the Fc region can help to solubilize hydrophobic proteins. 

In addition to the high levels of expression, leptin fusion proteins exhibited longer serum 
half-lives compared to leptin alone, due in part to their larger molecular sizes. For example, 
murine Fc-murine leptin has a circulating half-life of 8.8 hours in mouse, as compared to 18 
minutes for murine leptin (see. Example 14 below). Leptin, having a molecular weight of about 

25 16 kD, is small enough to be cleared efficiently by renal filtration. In contrast, the Fc-Leptin 
fusion prote'm has a molecular weight of about 90 kD since there are two leptin moieties each 
attached to an immunoglobulin Fc region, wherein the Fc regions are covalently bonded to one 
another. Such a dimeric structure should exhibit a higher binding affinity to the leptin receptor, 
the sequence of which suggests tiiat it includes two ligand-binding domains (Taitaglia et al. 

30 (199S) Cell 83:1263). Since the leptin activity appears to be receptor-mediated, the leptin 
fusion protems will be potentially more efficacious tiian leptin itself. 
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Additionally, many protein ligands are known to bind to their receptors as a dimer. If 
leptin belongs to the class of dimeric protein ligands, the physical constraint imposed by the 
inmiunoglobulin Fc region on leptin would make the dimerization an intramolecular process, 
thus, shifting the equilibrium in favor of the dimer and enhancing its binding to its receptor. 
5 Cysteine residues also can be introduced by standard recombinant DNA technology to the 

monomer at appropriate places to stabilize the dimer through covalent disulfide bond formation. 

The fusion proteins of the invention provide several important clinical benefits. As 
demonstrated in the obyob mouse model, an intraperitoneal or subcutaneous injection of 0.1 
mg/kg/day of murine leptin in the form of muFc-muLeptin was enough to achieve comparable 

10 reductions in body weight when compared with the 5 to 20 mg/kg/day of bacterially produced 
leptin (Pelleymounter ei al (1995) SCIENCE 269:540; Hallas et aL (1995) SCIENCE 269:543; 
Chebab et al (1 996) Nature GENETICS 12:3 1 8; Mounzih et al (1 997) ENDOCRINOLOGY 
138:1 190). The frequency of injection could be cut down to three times weekly if a dose of 0.25 
mg/kg was used. Furthermore, ob/ob mice injected daily with 0.25 mg/kg muFc-muLeptin for 

15 over four months still responded favorably to the treatment, with no detectable side efifects. 

Indeed the mice remained very healthy, with decreased appetite and increased thermogenesis and 
locomotor activities. In light of these results, the ability to construct the various structural 
confonnations of Fc-Leptin of the invention provides molecules which may demonstrate 
improved efficacy over the native anti-obesity protein. 

20 The fusion proteins of the invention when administered by injection at a dose of about 

0.25 mg/kg/day for 5 days to an ob/ob mouse having an irutial body weight of at least about 50 
grams, induce about a 10 % (about 5 gram), more preferably about a 12% (about 6 gram) or even 
more preferably about a 1 5% (about 7,5 gram) loss of the initial body weight More preferably, 
the fusion protems of the invention, when administered by injection at a dose of about 0*1 

25 mg/kg/day for 5 days to an ob/ob mouse having an initial body weight of at least about 50 grams, 
induce about a 10 % (about 5 gram), more preferably about a 12%% (about 6 gram), or even 
more preferably about a 15% (about 7,5 gram) loss of the initial body weight. Such dosages 
preferably result in a 10-20% reduction in body weight 

Another embodiment of the present invention provides constructs having various 
30 structural conformations, e.g., bivalent or multivalent constructs, dimeric or multimeric 
constructs, and combinations thereof. Such functional conformations of molecules of the 
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invention allow the synergistic effect of lepiin and other anti-obesity proteins to be explored in 
animal models. 

The present invention also provides methods for the production of lepiin of non-human 
species as Fc fusion proteins. Non-human leptin fusion proteins are useful for preclinical studies 
of leptin because efficacy and toxicity studies of a protein drug must be performed in animal 
model systems before testing in human beings. A human protein may, under certain 
circumstances, not work in a mouse model since the protein may elicit an immune response, 
and/or exhibit different pharmacokinetics thereby skevang the test results. Therefore, the 
equivalent mouse protein can, under certain circumstances, be a better surrogate for the human 
protein for testing in a mouse model. 

The present invention provides methods of treating obesity and related conditions and 
causes thereof by administering the DNA. RNA or proteins of the invention to a mammal having 
such a condition. Related conditions may include, but are not limited to, diabetes, hypertension, 
heart disease, cancer and related disorders. In view of the broad roles played by leptin in 
modulating neuroendocrine responses (Freidman and Halaas (1998) Nature 395:763), the 
present invention also provides methods for treating conditions alleviated by the administration 
of leptin. These methods include administering to a mammal having the condition, which may 
or may not be directly related to obesity, an effective amount of a composition of the invention. 

The proteins of the invention not only are useful as therapeutic agents, but one skilled in 
the art recognizes that the proteins are useful in the production of antibodies for diagnostic use. 
Likewise, appropriate administration of the DNA or RNA, for example, in a vector or other 
delivery system for such uses, is included in methods of use of the invention. Furthermore, the 
constructs of the invention are usefiil for controlling weight for cosmetic purposes in mammals. 
A cosmetic piupose seeks to control the weight of a mammal to improve bodily appearance. The 
mammal is not necessarily obese. Such cosmetic use fonns part of the present invention. In 
addition, use of Fc-Leptins derived fiom other manunals, e.g., bovine and porcine, are useful for 
raising lean animals for meat 

It is not known if the Fc*Leptin fusion protein can cross the bIood*brain barrier to reach 
the receptor in the hypothalamus. If the Fc-Leptin fusion protein does not cross the blood-brain 
barrier, then its superior efficacy as an anti-obesity agent suggests a new mechanism of action or 
that there are leptin receptors outside the brain. As a fiision protein with the immunoglobulin Fc 
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region, Fc-Leptin fusion protein may have a very favorable tissue distribution and a slightly 
different mode of action lo achieve clinical efficacy and even overcome leptin resistance 
especially in view of its long serum half-life and the high dose of soluble protein that can be 
administered. Data from subcutaneous injections in mice suggest that intramuscular injections in 
5 humans should be equally successful. It may also be desirable to administer Fc-Leptin fusion 
protein as a nasal spray, inhaled preparation, dermal patch or eye drop. If the Fc-Leptin fusion 
protein is to be administered as an inhaled preparation^ it is useful to formulate the fusion protein 
so that it is aggregated into small particles that can undergo trans-cj^osis across the lung 
epithelia. 

to The DNA constructs (or gene constructs) of the invention also can be used as a part of a 

gene therapy protocol to deliver nucleic acids encoding leptin or a fusion protein construct 
thereof. The invention features expression vectors for in vivo transfection and expression of 
leptin or a fusion protein construct thereof in particular cell types so as to reconstitute or 
supplement the function of leptin. Expression constructs of leptin, or fusion protein constructs 

15 thereof, may be administered in any biologically effective carrier, e.g. any formulation or 

composition capable of effectively delivering the leptin gene or fusion protein construct thereof 
to cells in vivo. Approaches include insertion of the subject gene in viral vectors including 
recombinant retroviruses, adenovirus, adeno*associated virus, and heipes simplex virus-1, or 
recombinant bacterial or eukaryotic plasmids. 

20 It is contemplated that the compositions of the present invention may be prodded to an 

ammal by any suitable means, directly (e.g., locally, as by injection, implantation or topical 
administration to a tissue locus) or systemically (e.g., parenterally or orally). Where the 
composition is to be provided parenterally, such as by intravenous, subcutaneous, ophtiialmic, 
intraperitoneal, intramuscular, buccal, rectal, vaginal, intraorbital, intracerebral, intracranial, 

25 intraspinal, intraventricular, intrathecal, intracistemal, intracapsular, intranasal or by aerosol 
administration, the composition preferably comprises part of an aqueous or physiologically 
compatible fluid suspension or solution. Thus, the carrier or vehicle is physiologically 
acceptable so that in addition to delivery of the desired composition to tiie patient, it does not 
otherwise adversely affect the patient's electrolyte and/or volume balance. The fluid medium for 

30 the agent thus can comprise nomial physiologic saline. 
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Preferred dosages per administration of the fusion proteins of the invention are within the 
range of 50 ng/m* to 1 g/m\ more preferably 5 ^g/m^ to 200 mg/m^, and most preferably 1 00 
Hg/m* to 1 0 mg/m*. Preferred dosages per administration of nucleic acids encoding the fusion 
proteins of the invention arc within the range of 1 \ig/m^ to 100 mg/m^ more preferably 20 jxg/m^ 
5 lo 10 mg/m-, and most preferably 400 jig/m^ to 4 mg/m^ It is contemplated, however, that the 
optimal modes of administration, and dosages may be determined by routine experimentation 
well within the level of skill in the ait. 

The invention is illustrated further by the following non-limiting examples. 

EXAMPLES 

10 Example 1 . Expression of muFc-muLeptin 

A sample of mRNA was prepared from the fat cells of a normal C57/BL6 mouse and the 
mRNA reverse transcribed using reverse transcriptase. The resultant cDNA was used as 
template for a polymerase chain reaction (PGR) to clone and adapt the murine leptin cDNA for 
expression as a muFc-muLeptin fusion protein. The forward primer was 5' C CCG GGT AAA 

1 5 GTG CCT ATC CAG AAA GTC C (SEQ ID NO: 9), where the sequence CCCGGG (Xmal 
restriction site) followed by TAAA encodes the carboxy terminus of the immunoglobulin heavy 
chain. The sequence in bold encodes the N-tenninus of murine leptin. The reverse primer was 
5' CTC GAG TCA GCA TTC AGO GOT AAC ATC (SEQ ID NO: 1 0), which encodes the C- 
terminal sequence of leptin with its translation STOP codon (anticodon, TCA), and this was 

20 followed by an Xhol site (CTCGAG). The resulting 4S0 base-pair PCR product was cloned and 
sequenced. Sequence analysis confirmed that the product encoded mature murine leptin adapted 
for expression* i.e., with a Xmal site at its 5' end and a Xhol site at its 3' end. 

The expression vector pdCs-muFc-muLeptin was constructed as follows. The Xmal- 
Xhol restriction fragment containing the murine leptin cDN A was then ligated to the Xmal-Xhol 
25 fr^^ent of tiie pdCs-muFc vector according to Lo et cd. (Protein Engineering (1998) 1 1 :495). 
muFc is the murine Fc fragment of the murine tnununoglobidin yZa. The resultant vector, pdCs- 
muFc-muLeptin, was used to transfect mammalian cells for the expression of muFc-muLeptin. 

Example 2 . Transfection and Expression of Protein 

For transient transfection, the plasmid was introduced into human kidney 293 cells by 
30 coprecipitation of plasmid DNA with calcitun phosphate (Sambtook et al (1989) ^Molecular 



wo 00/40615 PCr/US00y00352 

-24- 

Cloning-A Laboratory Manual " Cold Spring Harbor, NY) or by lipofection using Lipofectamine 
Plus (Life Technologies, Gaithersburg, MD) in accordance with manufecturer's instructions. 

In order to obtain stably transfccted clones, plasmid DNA was introduced into the mouse 
myeloma NS/0 cells by electroporation. NS/0 cells were grown in Dulbecco's modified Eagle's 

5 medium supplemented with 10% fetal bovine serum, 2 mM glutamine and 

penicillin/strepomycin. About 5x10* cells were washed once with PBS and resuspended in 0.5 
ml PBS. Ten ^g of linearized plasmid DNA then was incubated with the cells in a Gene Pulser 
Cuvette (0.4 cm electrode gap, BioRad) on ice for 10 min, Electroporation was performed using 
a Gene Pulser (BioRad, Hercules. CA) with settings at 0.25 V and 500 fiF. Cells were allowed to 

10 recover for 1 0 min. on ice, after which they were resuspended in growth medium and then plated 
onto two 96 well plates. Stably transfected clones were selected by growth in the presence of 
100 nM methotrexate (MTX), which was introduced two days post-transfection. The cells were 
fed every 3 days for two to three more times, and MTX-resistant clones appeared in 2 to 3 weeks. 
Supematants from clones were assayed by anti-Fc ELISA to identify high producers. High 

15 producing clones were isolated and propagated in growth medium containing 100 nM MTX. 

For routine characterization by gel electrophoresis, Fc fusion proteins in the conditioned 
media were captured on Protein A Sepharose (Repligen, Cambridge, MA) and then eluted by 
boiling in the protein sample buffer with or without 2-mercaptoethanol. After fractionization by 
SDS-polyacrylamide gel electrophoresis (SDS-PAGE), the protein bands were visualized by 
20 Coomassie staining. muFc-muLeptin had an apparent MW of about SO kD via SDS-PAGE. 

For purification, fhe ftision proteins were bound to Protein A Sepharose followed by 
elution in a sodium phosphate buffer {IQO mM NaH2P04, pH 3, and 150 mM NaCl). The eluate 
was then immediately neutralized with 0.1 volume of 2 M Tris-hydrodioride, pH 8. 

Example 3 . ELISA Procedures 

25 EUSAs were used to determine the concentrations.of protein products in the supematants 

of MTX-resistant clones and other test samples. The amounts of human Fc* and murine Fc* 
contaiiung protdns were determined by (he anti-huFc EUS A and the anti-muFc EUS A, 
respectively* 

The anti-huFc ELISA is described in detail below: 

30 A. Coating plates . 
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ELISA plates were coated with AfTiniPure Goat anti-Human IgG (H+L) (Jackson 
Immuno Research Laboratories, West Grove, PA) at 5 \xg/mL in PBS, and 100 jiL/well in 96- 
well plates (Nunc-Immuno plate Maxisorp). Coated plates were covered and incubated at 4*»C 
overnight. Plates then were washed 4 times with 0.05% Tween (Tween 20) in PBS, and blocked 
5 with 1% BSA/1% goat serum in PBS, 200 ^L/well. After incubation with the blocking buffer at 
37**C for 2 hrs, the plates were washed 4 times with 0.05% Tween in PBS and tapped dry on 
paper towels. 

B. Incubation with test samples and secondary antibody 

Test samples were diluted to the proper concentrations in sample buffer, which contains 
10 1% BSA/1% goat serum/0.05% Tween in PBS. A standard curve was prepared with a chimeric 
antibody (with a human Fc), the concentration of which was known. To prepare a standard 
curve, serial dilutions are made in the sample buffer to give a standard curve ranging from 125 
ng/mL to 3.9 ng/mL. The diluted samples and standards were added to the plate, 100 »iL/well. 
and the plate incubated at 37*»C for 2 hr. After incubation, the plate was washed 8 times with 
15 0.05% Tween in PBS. To each well was then added 100 jiL of the secondary antibody, the 
horseradish peroxidasc-conjugated anti-human IgG (Jackson Immuno Research), diluted around 
1:120,000 in sample buflFer. The exact dilution of the secondary antibody has to be determined 
for each lot of the HRP-conjugated anti-human IgG. After incubation at 37X for 2 hr, the plate 
was washed 8 times with 0.05% Tween in PBS. 

20 C. Development 

The substrate solution was addled to the plate at 100 pL/welL The substrate solution was 
prqsared by dissolving 30 mg of OPD (o-phenylenediamine dihydiochloride, 1 tablet) into IS 
mL of 0.025 M Citric acid/0,05 M Na3HP04 buffer. pH 5. which contained 0.03% of fitshly 
added HjOj. The color was allowed to develop for 30 nun. at n)om temperature in the dark. The 
25 developing time is subject to change, depending on lot to lot variability of the coated plates, the 
secondaiy antibody, etc. Watch the color development in the standard curve to determine when 
to stop the reaction. The reaction was stopped by adding 4N HjS04, 100 jiL/welL The plate was 
read by a plate reader, vMch was set at both 490 and 650 nm and programmed to subtract the 
background OD at 650 nm from the CD at 490 nm. 
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The procedure for the anti-muFc ELISA was similar, except that ELISA plate was coated 
with AffmiPure Goat anti-murine IgG (H+L) (Jackson Immuno Research) at S ^g/mL in PBS, 
and 100 ^L/weU; and the secondary antibody was horseradish peroxidase-conjugated goat ami- 
muIgO (Southern Biotechnology Assoc., Birmingham, AL), used at 1 in SOOO dilution. 

5 Example 4 > Expression of huFc-huLeptin 

Human Fat Cell Quick-Clone cDNA (Clontech, Palo Alto, CA) was used as a template 
for PCR to clone and adapt human leptin cDNA for expression as a huFc-huLeptin fusion 
protein. The forward primer was 5' C CCG GOT AAA GTG CCC ATC CAA AAA GTC CA 
(SEQ ID NO: 1 1). where the sequence C CCG GG T AAA (SEQ ID NO: 12) encodes the 

10 carboxy terminus of the immunoglobulin heavy chain, followed by sequence (in bold) encoding 
the mature N-terminus of leptin. The C CCG GG sequence is an Xmal restriction site introduced 
by silent mutation (Lo ei aL, (1 998) Protein Engineering 1 1 :495). The reverse primer was 5* 
CTC GAG TCA GCA CCC AGO OCT GAG GTC (SEQ ID NO: 13), which encodes the anti- 
sense sequence of the carboxy 1 terminus of leptin with its translation STOP codon (anticodon, 

1 5 TCA), and this was followed by an Xhol site (CTCGAG). The resulting 450 base-pair PCR 
product was cloned and sequenced. Sequence analysis confirmed that the product encoded 
mature human leptin adapted for expression, i.e., with an Xmal site at its S' end and a Xhol site 
at its 3' end 

The expression vector pdCs-huFc-huLeptin was constructed as follows. The Xmal-Xhol 
20 restiicdon fragment containing die human leptin cDNA was ligated to the Xmal-Xhol fragment 
of the pdCs-huFc vector according to Lo e/ al. (PROTEIN ENGINEERING (1998) 1 1 :49S). huFc is 
the human Fc fragment of the human immunoglobulin y 1 . The resultant vector, pdCs*liuFc* 
huLeptin, was used to transfect manunalian ceils for the rapression of huFc-buLqitin. 

Example 5 . Cotistruction of expression vectors for muLeptin*muFc and muLeptin-Gly-Ser» 
25 linker«muFc 

Murine leptin cDNA was adqsted for expression as a muLq>tin-muFc fusion protein by 
PCR. The forward primer, 5' C7Ti4i4GC GTG OCT ATC GAG AAA GTC CA (SEQ ID 
NO: 14), introduced an Aflll (CTTAAG) site for ligating the cDNA sequence encoding the 
mature N-tenninus of murine Iq>tin (sequence in bold) to the DN A encoc&ig the signal peptide. 
30 The reverse primer, 5' GAT ATC GCA TTC AGG GCT AAC ATC (SEQ ID NO: 15), 
introduced an EcoRV site inunediately downstream of the sequence encoding the carboxyl 
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terminus of the murine leptin without the STOP codon (anti-sense sequence in bold). The 
EcoRV site served as a linker-adaptor for an inframe fusion of the murine leptin to the murine 
Fc, as discussed below. The resulting 450 base-pair PCR product was cloned and completely 
sequenced. The Aflll-EcoRV fragment encoding the mature murine leptin was then used for 
5 construction of the pdCs-muLeptin-muFc expression vector. 

The ligation product of the Aflll-EcoRV fagment encoding the mature murine leptin and 
the Xbal-Aflll fragment encoding the signal peptide of an immunoglobulin light chain (Lo et ah 
(1998) Protein Engineering 1 1:495) subcloned. The resultant Xbal-EcoRV fragment 
encodes the signal peptide followed by the mature murine leptin without the STOP codon. 

10 To adapt an EcoRV site to the 5' end of the muFc DNA, the ligation product of the Aflll- 

Xhol fragment encoding murine Fc (Lo et al (1 998) Protein Engineering 1 1 :495) and the 
following linker-adaptor were subcloned into an EcoRI-XhoI cloning vector. 

EcoRI sticky end 

5' AATTC CATATC (SEQ ID NO: 16) 

15 3' GC7:4 7'.4GAATT (SEQ ID NO: 17) 

Afin sticky end 

The foregoing linker-adaptor contains EcoRI and Afin sticky ends, and it also contains an 
EcoRV site (GATATQ. After subcloning, an EcoRV-XhoI fragment encoding the muFc 
fragment with a STOP codon was isolated. This fragment then was ligated with the Xbal- 
20 EcoRV fragment encoding the signal peptide and the mature murine leptin (described above) and 
the Xbal-Xhol digested pdCs vector fragment The resultant expression plasmid, designated 
pdCs-muLeptin*muFc, was used for transfection of mammalian cells. 

For the construction of pdCs-muLeptin-Gly-Ser-linker*muFc» the pdCs-muLeptin-muFc 
DNA was linearized at the umque EcoRV site, and the foUovdng unphosphoiy lated Unker was 
25 inserted by ligadon: 

5* GGC GCA GGA GOT TCT GCjC GGA TCC 3' (SEQ ID NO: 18) 
3' CCG CGT CCT CCA AGA CCG CCT AGO 5* (SEQ ID NO: 19) 
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The correct consiruciion was confirmed by DNA sequencing lo ensure that the correct 
linker sequence had been inserted in the proper orientation. The resultant vector. pdCs- 
muLeptin-Gly-Ser-linker-muFc, was used for transfection of mammalian cells. 

Example 6 . Reduced levels of expression for muLeptin-muFc and muLeptin-Gly-Ser-linker- 
5 muFc 

Since the C-terminal cysteine residue of leptin is involved in intramolecular disulfide 
bonding with cysteine- 1 17, this may pose a problem in protein folding and subsequent secretion 
if leptin is made as a leptin-Fc fusion protein. To test if this is indeed the case, expression 
vectors for muLeptin-muFc and muLeptin-Gly-Ser linker-muFc were constructed as described in 

iO Example 5. The latter construct encodes a flexible linker rich in glycine and serine residues 
interposed between leptin and Fc so as to allow more freedom for the leptin to form the disulfide 
bond and fold correctly. Transient expression in 293 cells was analyzed by anti-muFc ELIS A, 
and Western blot analysis using both anti^muFc antibody (horseradish peroxidase-cohjugated 
goat anti-muIgG, Fey, from Jackson ImmunoResearch) and anti-muLeptin antibody (biotinylated 

15 anti-mouse leptin polyclonal antibody, from R&D Systems, Miimeapolis, MN). Very low 
levels of expression were detected in the supematants of each construct. Analysis of total cell 
lysates showed that the majority of the muLeptin-muFc and muLeptin-Gly-Ser linker-muFc 
stayed inside the cells. Stable NS/0 clones also were isolated. The expressed levels of 
muLeptin-muFc (with or without linker) were at most about 10% that of muFc-muLeptin. 

20 Furthermore, subsequent studies suggest that the Leptin-Fc fusion protein was not as 

active in vivo as the Fc-Leptin fiision protein (see. Figure 6). When ob/ob mice were injected 
intraperitoneally with Leptin-Fc at 0.25 mg/kg/day, no significant weight loss was observed. It 
is surprising that Fc-Leptin was more effective that Leptin-Fc, because these fusion proteins 
contain the same moieties and differ only in the order of the moieties in each polypeptide chain. 

25 Example 7 . Treatment of ob/ob mice by intraperitoneal (IP) injection of muFc-muLeptin 

Five- to six-week old CS7BL/6J ob/ob" mice, which were homozygous for the obese 
gene mutation (ob/ob mice), were purchased from Jackson Laboratories, Barr Harbor, ME. Two 
mice per group received either muFc*muLeptin or only PBS. muFc-muLeptin was dissolved in 
PBS and administered by duly (daily for the first 12 days; and only Monday through Friday 
30 thereafter) intraperitoneal injections. The amount of leptin injected was normalized to 0.25 mg 
of leptin per kg body weight of mouse. The control group received PBS only. All mice were 
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allowed ad libitum access to food and water and the body weight was measured daily before the 
injection. 

Over a 4 month period, the control group (squares in Figure 3) had a steady increase of 
40% in body weight (from 50 g to 70 g). The group receiving daily intraperitoneal injection of 
5 muFc-muLeptin had a 45% reduction in body weight (from 50.5 g to 28 g) over the first month, 
after which the body weight stabilized at about 27-3 1 g (diamonds in Figure 3). Since the mice 
did not receive treatment over the weekends, their body weights increased to over 30 g by 
Mondays, but the daily treatment caused a steady decrease in body weight to about 27-28 g by 
Fridays. As shown in Figure 3, muFc-muLeptin was shown to be effective for over 4 months. 

1 0 Note that during the first two weeks of treatment, food intake was below the detection 

limit After 3 to 4 weeks, when the body weights had decreased to about 30 g and the adipose 
tissue apparently was depleted, the mice consumed an average of about 3 g of food per mouse 
daily. This is consistent with the results of Mounzih et al (Moimzih et al (1997) 
Endocrinology 138:1190), which showed that food consumption of ob/ob mice receiving 

15 leptin treatment at 20 mg/kg resumed to approximately 2.6-3.2 g at day 45. 

Example 8 . Treatment of ob/ob mice by subcutaneous (SC) injection of muFc-muLeptin 

Subcutaneous injection of muFc-muLeptin was foimd to be as effective as intraperitoneal 
injection in reducing body weight of ob/ob mice. Five to six week old ob/ob mice (3 mice per 
group) were treated with muFc-muLeptin by daily (Monday through Friday only) SC injection. 

20 The amounts of leptin injected were normalized to 0.25 or 0. 1 mg of leptin per kg body weight of 
mouse. All mice wm allowed ad libitum access to food and water and the body weight was 
measured daily before the injection. After 17 days, the mice receiving 0.1 and 0.25 mg of 
leptin/kg had a reduction of 14% and 22% in body weight, respectively, ^le the control group 
receiving PBS had a 15% wdght gain. The decrease in food intake in mice receiving SC 

25 injections is similar to that in mice receiving IP injections of equivalent doses. 

Example 9 . Treatment of ob/ob mice by intravenous flV) injection of muFc-muLeptin 

Intravenous GV) injection of muFc-muLeptin was found to be equally effective in 
reducing body weight in ob/ob mice. Ob/ob mice (2 mice per group) were treated with daily TV 
injections of muFc-muLeptin at 025 or 1 mg of leptin per kg or PBS. All mice were allowed ad 
30 libitum access to food and water and the body weight was measured d£uly before the injection. 
Treatment was stopped after 5 days, but the body weight contmued to be recorded daily. As 
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shown in Figure 4, ireatmeni with 0.25 and 1 mg/kg of leptin as muFc-muLepiin (triangles and 
circles, respectively) caused the body weight to decrease for the next 48 and 72 hrs. respectively. 
These results suggest that muFc-muLepiin has a much longer circulating half-life than murine 
leptin, based on the high, frequent doses of leptin needed for reducing body weight. 

5 Example 10 . Treatment of ob/ob mice with muFc-muLeptin 3 times weekly or once every 4 
days 

Figure 5 shows the effect of different dosing schedules on the body weight of ob/ob mice. 
Specifically, a group of 3 ob/ob mice (solid diamonds) received 0.25 mg/kg of murine leptin in 
the form of muFc-muLeptin by SC injections daily from Monday through Friday up to point A; 

10 from point A to point B the frequency of injection was reduced to Monday and Friday oxily; 

thereafter, the frequency of injection was increased to 3 times weekly (Monday, Wednesday, and 
Friday). Another group, also consisting of 3 oh/ob mice (squares), received 0.1 mg/kg of murine 
leptin in the form of muFc-muLeptin by SC injections daily from Monday to Friday up to point 
C; from point C to point D the frequency of injection was reduced to 3 times weekly (Monday, 

15 Wednesday, and Friday); after point D, however, the dosage was increased to I mg/kg once 
every 4 days. A control group of 3 ob/ob mice (triangles) received PBS daily, Monday through 
Friday. All mice were allowed ad libitum access to food and water and the body weight was 
measured daily before the injection. 

As shown in Figure 5, 0.25 mg/kg of muFc-muLeptin injected SC three times a week 
20 (Monday, Wednesday, and Friday) was effective in stabilizing the body weight at about 36 to 39 
g for over 9 weeks, and 1 mg/kg injected SC once every 4 days resulted in a reduction from SI g 
to 34 g in 4 weeks, after which the body weight stabilized at between 30 to 33 g. A dosing 
schedule of 0:1 mg/kg 3 times weekly was ineffective in reducing body weight These results 
suggest that daily mjections of muFc-muLeptin are unnecessary given its long lasting effect 
25 when injected at an appropriate dose. 

Example 11 . Treatment of lean mice and db/db mice with muFc-muLeptin 

For comparison with ob/ob mice, normal CS7BL/6J, CS7BL/KS and Balb/C mice, and 
diabetic CS7BL/KS db/db mice (all were purchased from Jackson Laboratories, Barr Harbor, 
ME) all received daily (Monday through Friday) intraperitoneal injection or subcutaneous 
30 injection of muFc-muLeptin in PBS. The amotmts of leptin injected were normalized to 0^ mg 
or 1 mg of leptin per kg body weight of mouse. As shown in Table 1, muFc-muLeptin at both 
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dosage levels had no effect on db/db mice, which lack the receptor for leptin. On normal 
C57BL/6J, C57BL/KS and Balb/C mice, the low dose had a very modest effect. However, the 
high dose resulted in a significant reduction of body weight over 19 days (Table 1), independent 
of the age of the mice. 

5 

Table 1 Percentage change in body weight of mice (3 mice per group) treated with 0, 0.25 or 1 
mg/kg of muFc-muLeptin by daily (Monday through Friday) intraperitoneal (IP) or subcutaneous 
(SC) injections for 19 days. 





Route 


Age 


Vehicle 


0.25 mR/ke 


1 mg/kg 


10 ob/ob 


IP 


2 mo. 


+14.7 


- -23.3 


-17.4** 


db/db 


SC 


2 mo. 


+7.21 


+6.78 


+5.01 


db/db 


IP 


S mo. 


+1.82 


+5.66 


+5.28 


C57BU6J 


IP 


S mo. 


+1.03 


-1.69 


-13.9 


C57BL/KS 


IP 


S mo. 


+0.22 


-0,13 


-16.9 


15 Baib/C 


IP 


2 mo. 


+9.18 


-5.4 


-9:19 



** Treatment of ob/ob mice at 1 mg/kg was stopped after 5 days because the lower dose of 0.25 
mg/kg was found to be just as effective. 

Example 12 . Treatment of ob/ob mice by intraperitoneal (CP) injection of huFc-huLeptin 

20 huFc-huLeptin was administered by IP instead of SC to reduce immunogenicity in mice. 

One ob/ob mouse received 0.1 mg/kg of human leptin in die form of huFc-huLeptin by IP 
injections daily (for the first 17 days, and thereafter only Monday through Friday). Another 
ob/ob mouse received a higher dose of 0.5 mg/kg daily (for the first 1 7 days, and ihmafter only 
Monday through Friday) until day 33, after which the frequency of injection was reduced to 3 

25 times weekly (Monday, Wednesday, and Friday). A control ob/ob mouse received PBS daily 
(for the first 1 7 days, md thereafter only Monday through Friday). All mice were allowed ad 
libitum access to food and water and the body weight was measured dmly before the injection. 
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Figure 6 shows that huFc-huLeptin was as effective as muFc-muLeptin in reducing body 
weight in ob/ob mice. Another group of two older ob/ob mice received an intermediate dose of 
0.25 mg/kg daily (for the first 10 days, and thereafter only Monday through Friday). Their body 
weight decreased from 65 g to 3 1 g (-5 1 .4%) in 23 days, after which their body weight fluctuated 
5 between about 3 1 g on Mondays to about 26 g on Fridays (data not shov^). It is remarkable that 
after almost two months of treatment, huFc-huLeptin maintained its efficacy and did not seem to 
be adversely affected by any immunologic response that might have developed against the 
human protein. 

This experiment has been repeated with larger groups of mice (n=8). In addition, ob/ob 
10 mice have been treated for over 1 5 months with Fc-Leptin with the result that the weight of the 
mice was maintained in the range of 20-30 grams. Over this period of time, the mice suffered no 
apparent adverse side effects. 

Additional experiments also indicated that daily administration of Fc-Leptin by 
intraperitoneal injection, subcutaneous injection, and intravenous injection all yielded similar 
15 results. Thus, the route of injection docs not appear to be important when quantitating Fc-Leptin 
in vivo activity in ob/ob mice. 

Example 13 . Treatment of infertility in ob/ob mice by intraperitoneal flP) injection of muFc> 
muLeptin 

ob/ob males and oh/ob females were treated with muFc-muLeptin by daily IP injections 
20 of 0.2S mg/kg. Each ob/ob male was initially housed vnih one oh/ob female and one normal 
CS7BL/6J female. When there was a rapid increase in body weight indicative of pregnancy, the 
pregnant mouse was isolated. After abdut 2 to 4 weeks of treatment, all six ob/ob males had 
their infertility defect corrected and impregnated normal and/or ob/ob fiemaies. All normal 
CS7BL/6J mothers delivered and nursed their pups noimalty. Of the six pregnant ob/ob females, 
25 only four had normal deliveries, leading to homo^gous ob/ob pups. However, none of the pups 
survived beyond the first day because the ob/ob mothers did not lactate normally. 

Example 14. Pharmacokinetics 

The pharmacokinetics of muFc-muLeptin and murine leptin (R&D Systems, 
Minneapolis, MN) were compared. Ob/ob mice (6 mice per group) were injected in the tul vein. 
30 The amounts of leptin injected were normalized to 1 mg of leptin per kg body weight of mouse. 
Blood was obtmned by retroK>rbital bleeding immediately after injection (0 min), and at 0.1, 0.5, 
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1, 2, 4, 8. 24, and 48 hr post injection. Blood samples were collected in tubes containing heparin 
to prevent clotting. Cells were removed by centrifugalion in an Eppendorf high-speed, 
microcentrifuge for 4 min. The concentration of mouse leplin in the plasma was measured by 
using a mouse leptin immunoassay kit (R&D Systems, Minneapohs, MN). The circulating 
half-lives of muFc-muLeptin and murine leptin were determined to be 8.8 hr and 18 min, 
respectively. 

Similarly, huFc-huLeptin was found to have a circulating half-life of over 10 hr in mice. 

Example IS . Construction of huFcfN-^0 mutation VhuLeotin 

In order to test whether N-linked glycosylation of the immunoglobulin Fc region affects 
the serum half-life of huFc-huLeptin, a recombinant huFc-huLcptin mutant was produced where 
the asparagine residue in a glycosylation site of the Fc region was mutated to a glutamine. 
Briefly, the only N-glycosylation site (Asn-Ser-Thr) encoded in the huFc-huLeptin DNA was 
mutated by PCR using the forward primer 5' GAG GAG TAC CAA AGT ACG TAC CGT GTG 
GTC AGC (SEQ ID NO: 16) and reverse primer 5' ACG GTA CGT ACT TTG GTA CTG CTC 
CTC CCG CG (SEQ ID NO: 17). The primers encoded the change from Asn-Ser-Thr to Gin 
CCAA)-Ser-Thr, which is no longer a site for N-glycosylation. In addition, the primers 
introduced a SnaBI site (TACGTA) by silent mutation to facilitate screening for the Asn to Gin 
(N to Q) mutation. Follovdng mutagenesis by PCR, the SacII-Smal fragment containing the N to 
Q substitution was confirmed by DNA sequencing, and then used to replace the corresponding 
fr:agmem in pdCs*huFc-huLeptin to generate pdCs-huFc(N-^Q)-huLeptin, 

The expression plasmid pdCs-huFc(N->Q)-huLeptin was transfected into manunalian 
cells as described in Example 2. The purified huFc(N->Q)-huLeptin protein was then used for 
pharmacokinetic studies as described.in Example 14. For direct comparison, equal amounts of 
huFc-huLeptin (1 mg of leptin/kg) or huFc(N-^Q>huLeptin (1 mg leptin/kg) were injected into 
mice in parallel. The concentrations of huFc(N-^Q)-huLcptin and huFc-huLeptin in the mouse 
serum were measured by anti-huFc ELISA as described in Example 3. The results shown in 
Figure 7 show that the huFc-huLepdn (diamonds) had a longer circulating half-life than 
buFc(N->Q)-huLeptin (squares). 
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Equivalents 

The invention may be embodied in other specific forms without departing from the spirit 
or essential characteristics thereof The foregoing embodiments are therefore to be considered in 
all respects illusuative rather than limiting on the invention described herein. Scope of the 
invention is thus indicated by the appended claims rather than by the foregoing description, and 
all changes which come within the meaning and range of equivalency of the claims are therefore 
intended to be embraced therein. 
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1 1 . A nucleic acid encoding a fusion protein comprising: 

2 (a) a signal sequence; 

3 (b) an immunoglobulin Fc region; and 

^ (c) a target protein sequence comprising leptin. 

1 2. The nucleic acid of claim 1 wherein said signal sequence, said immunoglobulin 

2 Fc region and said target protein sequence are encoded serially in a 5' to 3' direction. 

1 3. The nucleic acid of claim 1 wherein said signal sequence, said target sequence, 

2 and said immunoglobulin Fc region are encoded serially in a-5* to 3' direction. 

1 4. The nucleic acid of claim 1 wherein said immunoglobulin Fc region comprises an 

2 immunoglobulin hinge region. 

1 5. The nucleic acid of claim 1 wherein said immunoglobulin Fc region comprises an 

2 immunoglobulin hinge region and an immunoglobulin constant heavy chain domain. 

1 6. The nucleic acid of claim 1 wherein said immunoglobulin Fc region comprises a 

2 hmge region and a CH3 domain. 

^ . 7. The nucleic acid of claun 1 wherein said immunoglobulin Fc region lacks at least 

2 the CHI domain. 

1 8. The nucleic acid of claim ! wherein said inununoglobulin Fc region encodes at 

2 least a portion of immunoglobulin 

1 9. A rq)Ucable expression vector for transfecting a nuunmalian cell, said vector 

2 comprising the nucleic acid of claim 1 . 

1 1 0. A mammalian cell harboring the nucleic acid of claim 1 . 

1 11 . A fusion protdn comprismg an immunoglobulin Fc region and a target protein 

2 comprising leptin, wherein the fusion protein, when administered at a dose of about 025 

3 mg/kg/day for 5 days to an oh/ob mouse having an initial body wci^t of at least about 50 grams, 

4 induces a 10 % or 5 gram loss in body weight. 
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1 12. The fusion protein of claim 1 1, wherein the fusion protein, when administered at a 

2 dose of about O.lmg/kg/day, induces a 10 % or 5 gram loss in body weight. 

1 13. The fusion protein of claim 1 1 wherein the target protein comprises an amino acid 

2 sequence set forth in SEQ ID NO: 2 or 4. 

1 14. The fusion protein of claim 1 1 wherein the leptin said target protein comprises at 

2 least two leptin molecules, wherein said two leptin molecules are linked by a peptide linker. 

1 15, The fusion protein of claim 1 1 wherein said target protein is linked to an 

2 N-terminal end of said immunoglobulin Fc region. 

1 16. The fusion protein of claim 1 1 wherein said target protein is linked to a 

2 C-terminal end of said immunoglobulin Fc region. 

1 . 17. The fusion protein of claim 1 1 fiulher comprising a peptide linker linking said 

2 immunoglobulin Fc region to said target protein. 

1 1 8. A multimeric protein comprising at least two fusion proteins of claim 1 1 linked 

2 via a covalent bond. 

I 1 9. The protein of claim 1 8, wherein the covalent bond is a disulfide bond. 

1 20. A multimeric protein conq>rising at least two fusion proteins of claim 1 1 linked 

2 via a covalent bond. 

1 21. The protein of claim 20, wherein the covalent bond is a disulfide bond. 

1 22. The fusion protein of claim 1 1 wherein said immtmoglobulin Fc region is 

2 glycosylated at least one glycosyladon site. 

1 23. A method of producing a fiision protein comprising the steps of 

2 (a) providing tfie mammalian cell of claim 1 0; and 

3 (b) culturing the mammalian cell to produce said fusion protein. 

1 24. The method of claim 23 comprising the adcUtional step of coUectmg said fusion 

2 protein. 
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1 25. The method of claim 23 comprising the additional step of purifying said fusion 

2 protein. 

! 26. The method of claim 23 comprising the additional step of cleaving said 

2 immunoglobulin Fc region from said target protein. 

1 27. The method of claim 26 comprising the additional step of cleaving said target 

' 2 protein at an internal cleavage site with a proteolytic enzyme endogenous to the mammalian cell. 

1 28. A method of treating a condition alleviated by the administration of leptin 

2 comprising administering a nucleic acid of claim 1 to a mammal having said condition. 

1 29. A method of treating a condition alleviated by the administration of leptin 

2 comprising administering a vector of claim 9 to a mammal having said condition. 

1 30. A method of treating a condition alleviated by the administration of leptin 

2 comprising administering the fusion protein of claim 1 1 to a mammal having said condition. 

1 3 1 . A method of treating a condition alleviated by the administration of leptin 

2 comprising administering the multimeric protein of claim 1 8 to a mammal having said condition. 
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SEQUENCE LISTING 



<110> Lo. Kin-Ming 

Zhang, Jinyang 
5 Gillies, Stephen D. 

<120> Expression and Export of Anti-Obesity Proteins as Fc 
Fusion Proteins 

10 <130> LEX-008PC 

<140> 
<141> 

15 <150> OS 60/115,079 
<151> 1999-01-07 



<160> 20 
20 <170> Patent In Ver. 2.0 

<210> 1 
<211> 441 
<212> DNA 
25 <213> Homo sapiens 

<220> 
<221> CDS 
<222> (1) . . (441) 
30 <223> Hu-Leptin 

<400> 1 

gtg ccc ate caa aaa gtc caa gat gac acc aaa acc etc ate aag aca 48 

Val Pro He Gin Lys Val Gin Asp Asp Thr Lys Thr Leu He Lys Thr 
15 10 15 

att gtc acc agg ate aat gac att tea cac acg cag tea gtc tec tec 96 
He Val Thr Arg He Asn Asp He Ser His Thr Gin Ser Val Ser Ser 
20 25 30 

aaa cag aaa gtc acc ggt ttg gac ttc att cct ggg etc cac ccc ate 144 
Lys Gin Lys Val Thr Gly Leu Asp Phe He Pro Gly Leu His Pro He 
35 40 . 45 

45 etg acc tta tec aag atg gac cag aca ctg gea gtc tac caa cag ate 192 
Leu Thr Leu Ser Lys Met. Asp Gin, Thr Leu Ala Val Tyr Gin Gin He 



35 



-40 



50 



55 



60 



etc acc agt atg cct tec aga aac gtg ate caa ata tec aac gac ctg 240 
50 Leu Thr Ser Met Pro Ser Arg Asn Val He Gin He Ser Asn Asp Leu 
65 70 75 80 

gag aac etc egg gat ctt ctt cac gtg ctg gee ttc tct aag age tgc 288 
Glu Asn Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys 
85 90 95 



55 



60 



cac ttg ccc tgg gee agt ggc etg gag acc ttg gac age ctg ggg ggt 
His Leu Pro Trp Ala Ser Gly Leu Glu Thr Leu Asp Ser Leu Gly Gly 
100 105 110 



336 



gtc ctg gaa get tea ggc tac tec aca gag gtg gtg gee ctg age agg 384 
Val Leu Glu Ala Ser Gly Tyr Ser Thr Glu Val Val Ala Leu Ser Arg 
115 120 125 
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ctg cag ggg tct ctg cag gac atg ctg egg cag ctg gac etc age eet 4 32 
Leu Gin Gly Ser Leu GXn Asp Met Leu Trp Gin Leu Asp Leu Ser Pro 
130 135 140 

ggg tgc tga 441 

Gly Cys 

145 



10 <210> 2 

<211> 146 
<212> PRT 

<213> Homo sapiens 
15 <400> 2 

Val Pro lie Gin Lys Val Gin Asp Asp Thr Lys Thr Leu He Lys Thr 
15 10 15 

He Val Thr Arg He Asn Asp He Ser His Thr Gin Ser Val Ser Ser 
20 20 25 30 

Lys Gin Lys Val Thr Gly Leu Asp Phe He Pro Gly Leu His Pro He 
35 40 45 

25 Leu Thr Leu Ser Lys Met Asp Gin Thr Leu Ala Val Tyr Gin Gin He 
50 55 60 



30 



Leu Thr Ser Met Pro Ser Arg Asn Val He Gin He Ser Asn Asp Leu 
65 70 75 80 

Glu Asn Leu Arg Asp Leu Leu His Val Leu Ala Phe Ser Lys Ser Cys 
85 90 95 



His Leu Pro Trp Ala Ser Gly Leu Glu Thr Leu Asp Ser Leu Gly Gly - 
35 100 105 110 

Val Leu Glu Ala Ser Gly Tyr Ser Thr Glu Val Val Ala Leu Ser Arg 
115 120 125 

40 Leu Gin Gly Ser Leu Gin Asp Met Leu Trp Gin Leu Asp Leu Ser Pro 
130 135 140 

Gly Cys 
145 

45 

<210> 3 

<211> 441 

<212> DNA 

50 <213> Mus musculus 

<220> 
<221> CD? 
<222> (1)..(441) 
55 <223> Mu-Leptin 

<400> 3 

gtg cct ate cag aaa gtc cag gat gac acc aaa acc etc ate aag ace 48 
Val Pro He Gin Lys Val Gin Asp Asp Thr Lys Thr Leu He Lys Thr 
60 1 5 10 15 

att gzc ace agg ate aat gac att tea eac acg cag teg gta tee gee 96 

He Val Thr Arg He Asn Asp He Ser His Thr Gin Ser Val Ser Ala 

20 25 30 

65 

aag cag agg gtc act ggc ttg gac ttc att cct ggg ctt eac cec att 144 
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Lys Gin Arg Val Thr Gly Leu Asp Phe lie Pro Gly Leu His Pro He 
35 40 45 

ctg agt ttg tec aag atg- gac cag act ctg gca gtc tat caa cag gtc 192 
5 Leu Ser Leu Ser Lys Met Asp Gin Thr Leu Ala Val Tyr Gin Gin Val 
50 55 60 

etc acc age ctg cct tec caa aat gtg ctg cag ata gcc aat gac ctg 240 
Leu Thr Ser Leu Pro' Ser Gin Asn Val Leu Gin He Ala Asn Asp Leu 
10 65 70 75 80 

gag aat etc cga gac etc etc cat ctg ctg gcc ttc tec aag age tgc 288 

Glu Asn Leu Arg Asp Leu Leu His Leu Leu Ala Phe Ser Lys Ser Cys 

85 90 95 

15 

tec ctg cct cag acc agt ggc ctg cag aag cea gag age ctg gat ggc 336 

Ser Leu Pro Gin Thr Ser Gly Leu Gin Lys Pro Glu Ser Leu Asp Gly 

100 105 110 

20 gtc ctg gaa gcc tea etc tac tec aca gag gtg gtg get ttg age agg 384 
Val Leu Glu Ala Ser Leu Tyr Ser Thr Glu Val Val Ala Leu Ser Arg 
115 120 125 

ctg cag ggc tct ctg cag gac att ett caa cag ttg gat gtt age cct 432 
25 Leu Gin Gly Ser Leu Gin Asp He Leu Gin Gin Leu Asp Val Ser Pro 
130 135 140 

gaa tgc tga 441 
Glu Cys 
30 145 

<210> 4 
<211> 146 
35 <212> PRT 

<213> Mus musculus 

<400> 4 

Val Pro He Gin Lys Val Gin Asp Asp Thr Lys Thr Leu He Lys Thr 
40 1 5 10 15 

He Val Thr Arg He Asn Asp He Ser His Thr Gin Ser Val Ser Ala 
20 25 30 

45 Lys Gin Arg Val Thr Gly Leu Asp Phe He Pro Gly Leu His Pro He 
35 40 ' 45 



50 



Leu Ser Leu Ser Lys Met Asp Gin Thr Leu Ala Val Tyr Gin Gin Val 

50 55 - 60 

Leu Thr Ser Leu Pro Ser Gin Asn Val Leu Gin He Ala Asn Asp Leu 

65 70 75 80 



Glu Asn L^u Arg Asp Leu Leu His Leu Leu Ala Phe Ser Lys Ser Cys 
55 85 90 95 

Ser Leu Pro Gin Thr Ser Gly Leu Gin Lys Pro Glu Ser Leu Asp Gly 
100 105 110 

60 Val Leu Glu Ala Ser Leu Tyr Ser Thr Glu Val Val Ala Leu Ser Arg 
115 120 125 



65 



Leu Gin Gly Ser Leu Gin Asp He Leu Gin Gin Leu Asp Val Ser Pro 
130 135 140 

Glu Cys 
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<210> 5 
5 <211> €96 
<212> DNA 
<213> Homo sapiens 

<220> 
10 <221> CDS 

<222> (1) (696) 
<223> HuFc 

<400> 5 

15 gag ccc aaa tct tct gac aaa act cac aca tgc cca ccg tgc cca gca 4 8 

Glu Pro Lys Ser Ser Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala 

15 10 15 



20 



35 



SO 



55 



60 



cct gaa etc ctg ggg gga ccg tea gtc ttc etc ttc ccc cca aaa ccc 96 
Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro 
20 25 • 30 



aag gac ace etc atg ate tec egg ace cct gag gtc aca tgc gtg gtg 144 
Lys Asp Thr Leu Met He Ser Arg Thr Pro Glu Val Thr Cys Val Val 
25 35 40 45 

gtg gac gtg age cac gaa gac cct gag gtc aag ttc aac tgg tac gtg 192 

Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val 
50 55 60 

30 

gac ggc gtg gag gtg cat aat gee aag aca aag ccg egg gag gag cag 240 

Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin 

€5 70 75 80 

tac aac age acg tac cgt gtg gtc age gtc etc acc gtc ctg cac cag 288 
Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gin 
85 90 95 

gac tgg ctg aat ggc aag gag tac aag tgc aag gtc tec aac aaa gee 336 
40 Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala 
100 105 110 

etc cca gee ccc ate gag aaa acc ate tec' aaa gcc aaa ggg cag ccc 384 
Leu Pro Ala Pro He Glu Lys Thr He Ser Lys Ala Lys Gly Gin Pro 
45 115 120 125 



cga gaa cca cag gtg tac ace ctg ccc cca tea egg gag gag atg acc 432 
Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr 
130 135 - 140 

aag aac cag gtc age ctg ace tgc ctg gtc aaa ggc ttc tat ccc age 480 
Lys Asn Gin Val Ser Leii Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser 
145 150 155 160 

gac ate gcc gtg gag tgg gag age aat ggg cag ccg gag aac aac tac 528 
Asp He Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr 
165 170 175 

aag acc acg ccc ccc gtg ctg gac tec gac ggc tec ttc ttc etc tat 576 
Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr 
180 185 190 



age aag etc acc gtg gac aag age agg tgg cag cag ggg aac gtc ttc 624 
Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe 
65 195 200 205 
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tea tgc tec gtg atg eat gag gcz etg cac aae eac tac aeg eag aag 672 
Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys 
210 215 220 

5 age etc tec ctg tee ceg ggt aaa ggg 
Ser Leu Ser Leu Ser Pro Gly Lys 
225 230 

10 <210> 6 
<211> 232 
<212> PRT 

<213> Homo sapiens 
15 <400> 6 

Glu Pro Lys Ser Ser Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala 
1 5 10 .15 

Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro 
20 20 25 30 

Lys Asp Thr Leu Met lie Ser Arg Thr Pro Glu Val -Thr Cys Val Val 
35 40 45 

25 Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tvr Val 
50 55 60 



30 



Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin 
65 70 75 80 

Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gin 
85 90 95 



Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala 
35 100 105 110 

Leu Pro Ala Pro He Glu Lys Thr He Ser Lys Ala Lys Gly Gin Pro 
115 120 125 

40 Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr 
130 135 140 



45 



Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser 
145 150 155 160 

Asp He Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr 
165 170 175 



Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tvr 
50 180 185 190 

Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe 
195 200 205 

55 Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys 
210 215 220 

Ser Leu Ser Leu Ser Pro Gly Lys 
225 230 

60 

<210> 7 
<211> 699 
<212> OKA 
65 <213> Mus musculus 
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<220> 
<221> CDS 
<222> (1) . . (699) 
<223> MuFc 

5 

<400> 7 

gag ccc aga ggg ccc aca azc aag ccc tgt cct cca tgc aaa tgc cca 4 8 
Glu Pro Arg Gly Pro Thr lie Lys Pro Cys Pro Pro Cys Lys Cys Pro 
15 10 15 

gca cct aac etc ttg ggt gga cca tec gtc ttc ate ttc cct cca aag 96 
Ala Pro Asn Leu Leu Gly Gly Pro Ser Val Phe lie Phe Pro Pro Lys 
20 25 30 

ate aag gat gta etc atg ate tee etg age ccc ata gtc aca tgt gtg 144 
He Lys Asp Val Leu Met He Ser Leu Ser Pro He Val Thr Cys Val 
35 40 45 

gtg gtg gat gtg age gag gat gac cca gat gtc cag ate age tgg ttt 192 
Val Val Asp Val Ser Glu Asp Asp Pro Asp Val Gin He Ser Trp Phe 
50 55 60 



10 



15 



20 



gtg aac aac gtg gaa gta cac aca get cag aca caa ace cat aga gag 240 
Val Asn Asn Val Glu Val His Thr Ala Gin Thr Gin Thr His Arg Glu 
25 65 70 75 80 



30 



35 



50 



55 



60 



gat tae aac agt act etc egg gtg gtc agt gee etc ccc ate cag cac 288 
Asp Tyr Asn Ser Thr Leu Arg Val Val Ser Ala Leu Pro He Gin His 
85 90 95 

cag gac tgg atg agt ggc aag gag ttc aaa tgc aag gtc aac aac aaa 336 
Gin Asp Trp Met Ser Gly Lys Glu Phe Lys Cys Lys Val Asn Asn Lys 
100 105 110 

gac etc cca gcg ccc ate gag aga acc ate tea aaa ccc aaa ggg tea 384 
Asp Leu Pro Ala Pro He Glu Arg Thr He Ser Lys Pro Lys Gly Ser 
115 120 125 



gta aga get cca cag gta tat gtc ttg cct cca cca gaa gaa gag atg 432 

40 Val Arg Ala Pro Gin Val Tyr Val Leu Pro Pro Pro Glu Glu Glu Met 

130 135 140 

act aag aaa cag gtc act etg ace tgc atg gtc aca gac ttc atg cct 480 

Thr Lys Lys Gin Val Thr Leu Thr Cys Met Val Thr Asp Phe Met Pro 

45 145 150 155 160 

gaa gac att tae gtg gag tgg ace aac aac ggg aaa aca gag eta aac 528 

Glu Asp He Tyr Val Glu Trp Thr Asn Asn Gly Lys Thr GXu Leu Asn 

165 - 170 175 



tae aag aac act gaa cca gtc etg gac tet gat ggt tct tac ttc atg 576 
Tyr Lys Asn Thr Glu Pro Val Leu Asp Ser Asp Gly Ser Tyr Phe Met 
180 185 190 

tae age aag etg aga gtg gaa aag aag aac tgg gtg gaa aga aat age 624 
Tyr Ser Lys Leu Arg Val Glu Lys Lys Asn Trp Val Glu Arg Asn Ser 
195 200 205 

tac tec tgt tea gtg gtc cac gag ggt etg cac aat cac cac aeg act 672 
Tyr Ser Cys Ser Val Val His Glu Gly Leu His Asn His His Thr Thr 
210 215 220 



aag age ttc tee egg ace ccg ggt aaa 699 
Lys Ser Phe Ser Arg Thr Pro Gly Lys 
65 225 230 



10 
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<210> 8 
<211> 233 
<212> PRT 

<213> Mus muscuius 
<400> 8 

Glu Pro Arg Gly Pro Thr He Lys Pro Cys Pro Pro Cys Lys Cys Pro 
15 10 15 

Ala Pro Asn Leu Leu Gly Gly Pro Ser Val Phe He Phe Pro Pro Lys 
20 25 30 



He Lys Asp Val Leu Met He Ser Leu Ser Pro He Val Thr Cvs Val 
15 35 40 45 

Val Val Asp Val Ser Glu Asp Asp Pro Asp Val Gin He Ser Trp Phe 
50 55 60 

20 Val Asn Asn Val Glu Val His Thr Ala Gin Thr Gin Thr His Arg Glu 
65 70 75 . 80 



25 



Asp Tyr Asn Ser Thr Leu Arg Val Val Ser Ala Leu Pro He Gin His 
85 90 95 

Gin Asp Trp Met Ser Gly Lys Glu Phe Lys Cys Lys Val Asn Asn Lys 

100 105 110 



Asp Leu Pro Ala Pro He Glu Arg Thr He Ser Lys Pro Lys Gly Ser 
30 115 120 125 

Val Arg Ala Pro Gin Val Tyr Val Leu Pro Pro Pro Glu Glu Glu Met 
130 135 140 

35 Thr Lys Lys Gin Val Thr Leu Thr Cys Met Val Thr Asp Phe Met Pro 
145 150 155 160 



40 



Glu Asp He Tyr Val Glu Trp Thr Asn Asn Gly Lys Thr Glu Leu Asn 
165 170 175 

Tyr Lys Asn Thr Glu Pro Val Leu Asp Ser Asp Gly Ser Tyr Phe Met 
180 185 190 



Tyr Ser Lys Leu Arg Val Glu Lys Lys Asn Trp Val Glu Arg Asn Ser 
45 195 200 . 205 

Tyr Ser Cys Ser Val Val His Glu Gly Leu His Asn His His Thr Thr 
210 215 220 

50 Lys Ser Phe Ser Arg Thr Pro Gly Lys 
225 230 

<210> 9 
55 <211> 29 
<212> ONA 

<213> Artificial Sequence 
<220> 

60 <223> Description of Artificial Sequence : forward primer 
to clone and adapt the murine leptin cDNA 



<400> 9 

cccgggtaaa gtgcctatcc agaaagtcc 29 
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<210> 10 
<211> 21 
<212> ONA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence traverse primer 
to clone and adapt the murine leptin cDNA 

10 <400> 10 

ctcgagtcag cattcagggc taacatc 27 



<210> 11 
15 <211> 30 
<212> DNA 

<213> Artificial Sequence 



20 



25 



35 



<220> 

<223> Description of Artificial Sequence: forward primer 
to clone and adapt human leptin cDMA 

<400> 11 

cccgggtaaa gtgcccatcc aaaaagtcca 30 



<210> 12 
<211> 10 
<212> DNA 
30 <213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence :carboxy 
terminus of the immunoglobulin heavy chain 



<400> 12 
cccgggtaaa 



40 <210> 13 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
45 <220> 

<223> Description of Artificial Sequence : reverse primer 
to clone and adapt human leptin cDNA 

<400> 13 

50 ctcgagtcag cacccagggc tgaggtc 27 



<210>.14 
<211> 27 
55 <212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence : forward primer 
60 to adapt murine leptin cDNA 

<400> 14 

cttaagcgtg cctatccaga aagtcca 27 

65 

<210> 15 



n 
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<21l> 24 
<212> DMA 

<213> Artificial Sequence 
5 . <220> 

<223> Description of Artificial Sequence: reverse primer 
to adapt murine leptin cDNA 

<400> 15 

10 gatatcgcat tcagggctaa catc 24 



<210> 16 
<211> 11 
15 <212> ONA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence :EcoRI/Af III 
20 linker-adaptor 

<400> 16 

aattcgatat c 11 

25 

<210> 17 
<211>- 11 
<212> DNA 

<213> Artificial Sequence 

30 

<220> 

<223> Description of Artificial Sequence: EcoRI/Af III 
linker-adaptor 

35 <400> 17 

ttaagatatc g 11 



<210> 18 
40 <211> 24 
<212> DKA 

<213> Artificial Sequence 
<220> 

45 <223> Description of Artificial Sequence: linker 
<400> 18 

ggcgcaggag gttctggcgg atcc 24 



<210> 19 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : linker 
<400> 19 

60 ggatccgcca gaacctectg cgcc 24 



<210> 20 
<211> 146 
65 <212> PRT 

<213> Artificial Sequence 



50 



55 
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<220> 

<223> Description of Artificial Sequence: consensus 
leptin sequence 

5 

<220> 

<223> wherein Xaa represents any amino acid, and wherein 
each Xaa is independently selected 

10 <400> 20 

Val Pro Xaa Xaa Xaa 

1 5 

lie Val Xaa Arg lie 
15 20 

Xaa Gin Xaa Val Xaa 
35 

20 Leu Xaa Leu Ser Xaa 
50 

Leu Xaa Xaa Xaa Xaa 
65 

25 

Glu Asn Leu Arg Asp 
85 

Xaa Leu Pro Xaa Xaa 
30 100 

Val Leu Glu Ala Ser 

115 

35 Leu Gin Xaa Xaa Leu 
130 

Xaa Cys 
145 

40 



Xaa Gin Asp 
Asn Asp lie 



Gly Leu Asp 
40 

Met Asp Gin 
55 

Ser Xaa Asn 
70 



Asp Thr Lys Thr Leu He 
10 

Ser His Thr Xaa Ser Val 
25 30 

Phe He Pro Gly Leu Xaa 
45 

Thr Leu Ala Xaa Tyr Gin 
60 

Xaa Xaa Gin He Xaa Xaa 
75 



Leu Leu His Xaa Leu Ala Xaa Ser Lys 
90 



Lys Thr 
15 

Ser Xaa 
Pro Xaa 
Gin Xaa 



Asp Leu 
80 

Ser Cys 
95 



Xaa Xaa Leu Xaa Xaa Xaa Xaa Ser Leu Xaa Xaa 

105 110 

Xaa Tyr Ser Thr Glu Val Val Ala Leu Ser Arg 
120 125 

Gin Asp Xaa Leu Xaa Xaa Leu Asp Xaa Ser Pro 
135 140 



